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(54) LIQUID CRYSTAL DISPLAY WITH IMAGE READING FUNCTION, IMAGE READING METHOD 
AND MANUFACTURING METHOD 



(57) A TFT(|_) 26 with n-channei, which is connected 
to a transparent pixel electrode 24, and a TFTpj 27 with 
p-channel, which is connected to a cathode side of a 
photodiode 25, are connected to a common source line 
22 and a common gate line 23 and are composed so 
that each of them can be controlled in an ON state inde- 
pendently by impressing a positive voltage V L or an 
negative voltage V D on the gate line 23. A backlight 18 
which is provided on a backside of an active matrix 
panel 13 comprises monochromatic light sources 18a- 
18c for emitting each monochromatic light of red, blue or 
green, and a picture of each color is displayed in a time 
division. While reading a picture, the picture of the com- 
ponents of red, blue and green are read at each simplex 
pixel by using each of the monochromatic light sources 
18a-18c sequentially. A picture at a pixel P1 are read by 
storing a predetermined electric charge only at the pho- 
todiode 25 of the pixel P1 and exposing the photodiode 
25 as well as making a liquid crystal layer 14 corre- 
sponding to every two pixels P1 vertically and horizon- 
tally a transmission state, and an original picture is read 
at all pixels by repeating similar operation at each of pix- 
els which are adjacent to the pixel P1 . 
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Description 
TECHNICAL FIELD 

5 [0001] The present invention relates to a liquid crystal display device with a function of reading a picture comprising 
an active matrix panel, wherein a thin film transistor (TFT) and such photo detector as a photodiode are provided, and 
a liquid crystal layer, a method of reading a picture by using such liquid crystal display device, and a method of manu- 
facturing such liquid crystal display device. 

w BACKGROUND ART 

[0002] In recent years, many display devices with liquid crystal are used in order to downsize a display device of a 
picture, and particularly, a liquid crystal display device comprising an active matrix panel with TFT has been studied 
greatly since higher quality of the picture can be obtained easily as compared with a simple matrix type liquid crystal 
is display device. 

[0003] Meanwhile, in order to downsize a read device of an original picture, the device is known wherein the picture 
can be read by putting the original closely on an image sensor which is arrayed two-dimensionally without using the 
scan system of the original or the sensor section. 

[0004] A device is proposed for downsizing the whole device and improving the operationalization by reading the orig- 
20 inal picture and obtaining picture data as well as displaying the picture with the combination of the above-mentioned 
display device and read device of the picture. 

[0005] This kind of device, as disclosed, for example, in Japanese Unexamined Patent Publications No. 4-282609, is 
composed in the arrangement of a transparent substrate with an image sensor on the backside of a transparent sub- 
strate with TFT and a transparent pixel electrode in a liquid crystal display device. In the liquid crystal display device, 

25 while reading an original picture, the original picture is read by making all the pixels in liquid crystal a transmission state, 
irradiating backlight over the whole original, and detecting the strength of reflected light from the original. 
[0006] A device for displaying and reading a color picture comprises a back light source of white light and a micro 
color filter with the field for transmitting the light of red, green or blue at each pixel, and displays the color picture by con- 
trolling the light transmittance of each color, while the device reads the color picture by detecting the quantity of 

30 reflected light of each color from the original. That is, the display and read of a pixel (hereinafter referred to as 'color 
pixel*) of a predetermined color are executed by joining three pixels (each pixel is hereinafter referred to as 'simplex 
pixel 1 ) of red, green and blue. 

[0007] However, in the composition of arranging a transparent substrate with TFT and a transparent substrate with 
an image sensor in layers as described above, the visibility and the read property of the picture are deteriorated since 

35 the transmittance of backlight and reflected light from the original is decreased. 

[0008] As disclosed, for example, in Japanese Unexamined Patent Publications No. 5-1 45699, a read device of a pic- 
ture with complete control of open and shut is proposed for a means of preventing the deterioration of such visibility. 
However, in this case, the problem is that the complication of structure and the deterioration of reliability are caused by 
providing the mechanism of open and shut, and additionally, the deterioration of operationalization is caused by need- 

40 ing the operation of open and shut in each execution of reading the picture. 

[0009] It is written in the above-mentioned Japanese Unexamined Patent Publications No. 4-282609 that TFT and an 
image sensor may be provided actually on the same transparent substrate although the concrete constitution is not 
described. However, generally in the case of constituting in this way, since it is necessary to form not only the wiring 
pattern for controlling TFT for display but also the wiring pattern for controlling an image sensor on the same substrate, 

45 the deterioration of visibility is caused by the decrease of effective display area of a picture. 

[001 0] Generally, although higher pixel density is often necessary for a read picture than a display picture, in the case 
of the device for reading a color picture with a micro color filter, the problem is that the color picture can not be read with 
high pixel density since the picture data of a color pixel are obtained by joining three simplex pixels of red, green and 
blue as described above. Since only the light of the color which is transmitted through a micro color filter is used for the 

so display and for the illumination of an original, it is necessary to increase the quantity of emitted light from a back light 
source in order to increase the quantity of the transmitted light. Accordingly, the problem is the increase of manufactur- 
ing cost by comprising a micro color filter, and additionally, high electric power consumption. 

[001 1 ] In the case of reading an original picture by irradiating backlight over the whole original as described above in 
reading the original picture, the problem is that the crosstalk between adjacent pixels gets high and the resolution tends 
55 to decline since reflected light from adjacent pixels in the original enters an image sensor. The higher the pixel density 
in reading is, the greater this problem is. 

[0012] In regard to this problem, for example, in Japanese Unexamined Patent Publications No. 5-219301 , the com- 
position is disclosed wherein an original picture is read so that the adjacent luminescent elements will not emit light 
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simultaneously in the display and read device in which a substrate with such self-luminescent element as EL element, 
LED and PDP and a substrate with a photo detector are laminated. Even in this case, it is impossible to avoid the dete- 
rioration of the visibility and the read property of a picture because of laminating two substrates. Moreover, the problem 
is that the increase of manufacturing cost and the decrease of yield are caused since it is difficult to form the above- 
5 mentioned luminescent element on a substrate. 

[001 3] In order to solve the above-mentioned problems, it is considered that an original picture is read by making liq- 
uid crystal a transmission state at each set of pixels which are not adjacent to each other and exposing a photo detector 
as well as providing a pixel electrode and a photo detector on the same substrate and making common a gate line and 
a source line at TFT for a pixel electrode and for a photo detector. However, when such charge-storage type as a pho- 
io todiode is used as the photo detector, there is the possibility of causing the reduction of reading rate by the composition 
of storing electric charge at the photo detectors of all pixels in each exposing process at each set of pixels. 
[0014] The present invention, in view of the above-mentioned respects, aims to provide a liquid crystal display device 
with a function of reading a picture wherein the downsizing of the device, the improvement of operationalization and the 
decrease of manufacturing cost can be intended without causing the deterioration of visibility, a method of reading a pie- 
rs ture by using such liquid crystal display device, and a method of manufacturing such liquid crystal display device, 

[001 5] Moreover, the present invention aims to provide a liquid crystal display device with a function of reading a pic- 
ture wherein high pixel density in reading can be obtained and the decrease of manufacturing cost and electric power 
consumption can be intended, and a method of reading a picture by using such liquid crystal display device. 
[0016] Furthermore, the present invention aims to provide a liquid crystal display device with a function of reading a 
20 picture wherein the crosstalk between adjacent pixels can be reduced, the resolution of reading a picture can be 
improved and high reading rate can be intended, and a method of reading a picture by using such liquid crystal display 
device. 

DISCLOSURE OF THE INVENTION 

25 

[0017] The present invention has been intended to solve the above-mentioned purposes. To attain the purposes, the 
present invention is constituted as follows. 

[0018] That is, in a liquid crystal display device with a function of reading a picture in the present invention, a second 
transistor for a photo detector is connected to a source line and a gate line to which a first transistor for a pixel electrode 

30 is connected, and a threshold value of a gate voltage in the first transistor and a threshold value of a gate voltage in the 
second transistor are determined so that at least only the second transistor can be made an ON state. 
[0019] Since such composition can make only the second transistor the ON state and makes it possible to read an 
original picture, which is detected by the photo detector, with the source line and the gate line common to the first tran- 
sistor which is connected to each pixel electrode without providing the source line and the gate line exclusive to the sec- 

35 ond transistor which is connected to one end of the photo detector the downsizing of the device and the improvement 
of operationalization and the decrease of manufacturing cost can be intended without causing the deterioration of visi- 
bility by the decrease of effective display area of the picture. 

[0020] In order to enable only the second transistor to be the ON state as described above, it is preferred to use tran- 
sistors with a reversed polarity to each other, such as a transistor with n-channel for the first transistor and meanwhile, 

40 a transistor with p-channel for the second transistor. Consequently, the first transistor and the second transistor can be 
made the ON state independently by switching the polarity of the voltage impressed on the gate line. Further, in the 
case of constituting in this way, high permissibility to the dispersion in manufacturing of the threshold value of the gate 
voltage and the voltage impressed on the gate line at the first transistor and the second transistor facilitates the 
decrease of manufacturing cost. 

45 [0021 ] A first transistor and a second transistor may be composed so as to be made an ON state simultaneously as 
well by using a charge-storage type photo detector as the above-mentioned photo detector and using a liquid crystal 
which is made a transmission state under an action of an electric field as the above-mentioned liquid crystal. In this 
case, since the holding of electric charge prior to the exposure can be executed at the photo detector by making the first 
transistor and the second transistor the ON state simultaneously and making the liquid crystal the transmission state, 

so the decrease of manufacturing cost can be intended by simplifying the control for reading an original picture. 

[0022] In order to enable a first transistor and a second transistor to be an ON state simultaneously as well, it is pre- 
ferred to use, as an example of these transistors, transistors with the same polarity of n-channel or p-channel as each 
other wherein a threshold absolute value of a gate voltage in the second transistor is lower than that of a gate voltage 
in the first transistor. 

55 [0023] That is, for example, when the threshold value of the f irst transistor is V L and the threshold value of the second 
transistor is V D and both of them are the transistors with n-channel. only the second transistor can be made the ON 
state if the voltage Vg which is impressed on a gate line satisfies V D < Vg < V L , while both of the transistors can be 
made the ON state if Vg satisfies V L < Vg. 
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[0024] Meanwhile, in order to make a liquid crystal a transmission state under an action of an electric field, it is pre- 
ferred to use, for example, a twisted nematic (TN) liquid crystal with a negative dielectric constant anisotropy of a right 
angle and a pair of polarizers which are provided on both sides of the liquid crystal so that a polarized direction of one 
of the polarizers and an oriented direction of the liquid crystal can be parallel to each other and polarized directions of 
s both polarizers can be orthogonal to each other, or to use a TN liquid crystal with a positive dielectric constant anisot- 
ropy of a right angle so that an oriented direction of the liquid crystal and polarized directions of both polarizers can be 
parallel to each other. 

[0025] In order to prevent an influence on a display picture by an electric current which flows through a photo detector 
when a second transistor besides a first transistor are made an ON state in displaying a picture, for example, when a 
10 photodiode is used as the photo detector, it is preferred to connect the above-mentioned photodiode so that a reverse 
bias voltage can be impressed in displaying the picture. In displaying a picture, rf a voltage which is equal to a source 
line is impressed on the other end line which is connected to the other end of a photo detector, an influence on a display 
picture can be prevented theoretically with certainty. 

[0026] Moreover, a conductive light shielding film which is formed on the same substrate as a photo detector may be 
is used as the other end line which is connected to the other end of the photo detector, and in the case of applying an in- 
plane switching system wherein a pixel electrode and an opposite electrode are formed on the same substrate, the 
opposite electrode may be used. Consequently, since it is not necessary to provide a wiring pattern anew, the deterio- 
ration of visibility because of the decrease of effective display area of a picture can be prevented, and additionally, the 
decrease of manufacturing cost can be intended. 
20 [0027] By means of providing a touch sensor for detecting a setting state of an original on a surface side of a liquid 
crystal, the putting of the original can be confirmed, and the read of a picture can be started automatically when the 
putting of the original is detected, and picture data according to the size can be obtained by detecting the size of the 
original which is put on. 

[0028] A method of reading a picture in the present invention, with the use of the above-mentioned liquid crystal dis- 
25 play device with a function of reading a picture, comprises the steps of detecting a light exposure of a photo detector by 
making only a second transistor an ON state after making a liquid crystal a transmission state and exposing the photo 
detector, at which a predetermined electric charge is held, to a reflected light from an original. 
[0029] Consequently, in reading an original picture, since only the photo detector is connected to a source line, the 
original picture can be read without being affected by electric charge which is held at a pixel electrode. 
30 [0030] In the case of using a liquid crystal display device with a function of reading a picture wherein a first transistor 
and a second transistor can be made an ON state simultaneously the shortening of picture reading time can also be 
intended by holding a predetermined electric charge at a photo detector simultaneously while making a liquid crystal a 
transmission state. 

[0031] A method of manufacturing a liquid crystal display device with a function of reading a picture in the present 
35 invention comprises the step of forming the other end line which is connected to the other end of a photo detector in a 
process of forming a gate electrode of at least one of a first transistor and a second transistor while manufacturing the 
above-mentioned liquid crystal display device with a function of reading a picture. 

[0032] Consequently, since a liquid crystal display device with a function of reading a picture can be manufactured in 
the same process as ordinary liquid crystal display devices, the decrease of manufacturing cost can be intended easily. 

40 [0033] The display and read of a color picture can also be executed by further comprising a color filter in which a field 
for transmitting a light of each predetermined color is formed corresponding to each pixel electrode. 
[0034] Meanwhile, since it is possible to irradiate a light of a plurality of colors to an original at each pixel and detect 
a quantity of a reflected light by comprising a plurality of back light sources for emitting a light of a different color from 
each other, a color picture can be read with high pixel density. 

45 [0035] A liquid crystal display device with a function of reading a picture in the present invention comprising a pixel 
electrode, an opposite electrode which is provided opposite to the pixel electrode, a liquid crystal which is provided 
between the pixel electrode and the opposite electrode, and a photo detector for detecting a quantity of a reflected light 
from an original which is provided corresponding to each of the pixel electrodes further comprises a plurality of back 
light sources for emitting a light of a different color from each other, and is composed so that in displaying the picture a 

so color picture can be displayed by lighting each of the above-mentioned back light sources selectively in sequence and 
displaying the picture of each color in a time division, and in reading the picture the color picture can be read by lighting 
each of the above-mentioned back light sources selectively in sequence and irradiating the light of each color to the 
original arid detecting the quantity of the reflected light of each color from the original. 

[0036] Consequently, since it is possible to irradiate the light of a plurality of colors to the original at each pixel and 
55 detect the quantity of the reflected light, the color picture can be read with high pixel density Furthermore, since it is not 
necessary to provide a color filter, the manufacturing cost can be decreased, and since the light of the back light 
sources is never attenuated by the color filter the quantity of emitted light from the back light sources can be decreased 
and the electric power consumption can be decreased. 
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[0037] A liquid crystal display device with a function of reading a picture comprising a pixel electrode, an opposite 
electrode which is provided opposite to the pixel electrode, a liquid crystal which is provided between the pixel electrode 
and the opposite electrode, and a photo detector for detecting a quantity of a reflected light from an original which is 
provided corresponding to each of the pixel electrodes further comprises a color filter in which a display field for trans- 

5 mrtting a light of each predetermined color and a illumination field for transmitting a light of all colors are formed corre- 
sponding to each pixel, and a plurality of back light sources for emitting a light of a different color from each other and 
a light of a white color when they are lit simultaneously, and is composed so that in displaying the picture a color picture 
can be displayed with an additive process of the light which is transmitted through the display field of each color in the 
above-mentioned color filter by lighting all of the above-mentioned back light sources as well as making the liquid crys- 

ro tal corresponding to the illumination field in the above-mentioned color filter a shielding state and meanwhile making 
the liquid crystal corresponding to the display field a transmission state according to a picture signal, and in reading an 
original picture the color picture can be read by lighting each of the above-mentioned back light sources selectively in 
sequence and irradiating the light of each color to the original through the illumination field in the above-mentioned color 
filter and detecting the quantity of the reflected light of each color from the original as well as making the liquid crystal 

75 corresponding to the display field in the above-mentioned color fitter a shielding state and meanwhile making the liquid 
crystal corresponding to the illumination field a transmission state. 

[0038] Consequently, since it is possible to irradiate the light of a plurality of colors to the original at each pixel through 
a pixel electrode for illumination and the illumination field in the color filter and detect the quantity of the reflected light, 
the color picture can be read with high pixel density. Moreover, in displaying a picture, since each pixel is made a con- 
20 tinuous emitting state as the pixel of color according to the display field in the color filter, a frame period can be deter- 
mined at a desirable length without causing flicker. 

[0039] A liquid crystal display device with a function of reading a picture comprising a pixel electrode, an opposite 
electrode which is provided opposite to the pixel electrode, a liquid crystal which is provided between the pixel electrode 
and the opposite electrode, and a photo detector for detecting a quantity of a reflected light from an original which is . 

25 provided corresponding to each of the pixel electrodes further comprises a pixel electrode for illumination which is pro- 
vided corresponding to the above-mentioned pixel electrode, an opposite electrode for illumination which is provided 
opposite to the above-mentioned pixel electrode for illumination, a color filter in which a display field for transmitting a 
light of each predetermined color is formed corresponding to the above-mentioned pixel electrode and a illumination 
field for transmitting a light of all colors is formed corresponding to the above-mentioned pixel electrode for illumination, 

30 and a plurality of back light sources for emitting a light of a different color from each other and a light of a white color 
when they are lit simultaneously, and is composed so that in displaying the picture a color picture can be displayed with 
an additive process of the light which is transmitted through each of the above-mentioned pixel electrodes and the dis- 
play field of each color in the above-mentioned color filter by lighting all of the above-mentioned back light sources as 
well as determining a voltage between the above-mentioned pixel electrode for illumination and the above-mentioned 

35 opposite electrode for illumination at a predetermined voltage and making a light which enters the above-mentioned , 
pixel electrode for illumination a shielding state, and in reading an original picture the color picture can be read by light- 
ing each of the above-mentioned back light sources selectively in sequence and irradiating the light of each color to the 
original through the above-mentioned pixel electrode for illumination and the illumination field in the above-mentioned 
colorf ilter and detecting the quantity of the reflected light of each color from the original as well as determining a voltage 

40 between the above-mentioned pixel electrode and the above-mentioned opposite electrode at a predetermined voltage 
and making a light which enters the above-mentioned pixel electrode the shielding state and meanwhile determining a 
voltage between the above-mentioned pixel electrode for illumination and the above-mentioned opposite electrode for 
illumination at a predetermined voltage and making a light which enters the above-mentioned pixel electrodes for illu- 
mination a transmission state. 

45 [0040] Consequently, since it is easily possible to irradiate the light of a plurality of colors to the original at each pixel 
through the pixel electrode for illumination and the illumination field in the color filter and detect the quantity of the 
reflected light, like the above-mentioned case, the color picture can be read with high pixel density. 
[0041 ] In addition to the above-mentioned composition, a liquid crystal display device with a function of reading a pic- 
ture further comprises a plurality of source lines for transferring a picture signal, a plurality of gate lines for transferring 

so a scanning signal which are provided in a crossing direction with the above-mentioned source lines, a transistor for con- 
necting or disconnecting the above-mentioned source lines and the above-mentioned pixel electrode according to the 
scanning signal transferred from the above-mentioned gate lines, which is connected to the above-mentioned source 
lines and the above-mentioned gate lines as well as the above-mentioned pixel electrode at each of the pixel elec- 
trodes, and a switching method of connecting or disconnecting the above-mentioned opposite electrode and the above- 

55 mentioned opposite electrode for illumination, and may be composed so that the above-mentioned pixel electrode for 
illumination can be connected to the above-mentioned source lines, and the above-mentioned liquid crystal can be 
made a transmission state under an impression of a predetermined voltage. 

[0042] Consequently, in displaying the picture, if a connection of the opposite electrode to the opposite electrode for 
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illumination is cut with the switching method after storing or discharging a predetermined electric charge beforehand 
between the pixel electrode for illumination and the opposite electrode for illumination, it is easily possible to determine 
the voltage between the pixel electrode for illumination and the opposite electrode for illumination at the predetermined 
voltage and make the light which enters the above-mentioned pixel electrode for illumination the shielding state irre- 

5 spective of a voltage of the source lines for a picture display, and in reading an original picture, if the transistor is made 
an OFF state and a predetermined voltage is impressed on the source lines after making the transistor an ON state 
beforehand and storing or discharging a predetermined electric charge between the pixel electrode and the opposite 
electrode, it is easily possible to determine the voltage between the pixel electrode and the opposite electrode at the 
predetermined voltage and make the light which enters the pixel electrode the shielding state and meanwhile determine 

w the voltage between the pixel electrode for illumination and the opposite electrode for illumination at the predetermined 
voltage and make the light which enters the pixel electrode for illumination the transmission state. 
[0043] A liquid crystal display device with a function of reading a picture in the present invention comprising a plurality 
of source lines for transferring a picture signal, a plurality of gate lines for transferring a scanning signal which are pro- 
vided in a crossing direction with the above-mentioned source lines, a pixel electrode which is provided corresponding 

is to each crossing section of the source lines and the gate lines, a first transistor which is connected to the source lines 
and the gate lines as well as each of the pixel electrodes, an opposite electrode which is provided opposite to the pixel 
electrode, a liquid crystal which is provided between the pixel electrode and the opposite electrode, and a photo detec- 
tor for detecting a quantity of a reflected light from an original which is provided corresponding to each of the pixel elec- 
trodes further comprises a second transistor which is connected to the above-mentioned source lines and the above- 

20 mentioned gate lines as well as one end of the photo detector, the other end line which is connected to the other end 
of the photo detector, and a back light source for emitting a light for displaying and for illuminating the original, and is 
composed so that in reading the picture an original picture can be read by making the above-mentioned liquid crystal a 
transmission state at each single pixel or each set of pixels which are not adjacent to each other and irradiating the light 
of the above-mentioned back light source to the original and detecting the quantity of the reflected light from the original 

25 with the above-mentioned photo detector. 

[0044] Since such composition makes it possible to display and read the picture without providing the source lines 
and the gate lines exclusive to the second transistor which is connected to one end of the photo detector, the downsiz- 
ing of the device and the improvement of operationalization and the decrease of manufacturing cost can be intended 
without causing the deterioration of visibility by the decrease of effective display area of the picture, and since only the 

30 pixels to be read which are not adjacent to each other are illuminated and the light from adjacent pixels never enters, 
the crosstalk can be reduced and the resolution of reading the picture can be improved. 

[0045] It is preferred that the above-mentioned set of pixels which are not adjacent to each other is determined at. 
according to the pixel density in reading, for example, a set of every two or more pixels, or a set of pixels which are adja- 
cent to each other in a predetermined direction and are every two or more pixels in a direction vertical to the above- 

35 mentioned predetermined direction. 

[0046] The display and read of a color picture can also be executed by comprising a color filter in which a field for 
transmitting a light of each predetermined color is formed corresponding to each pixel electrode. 
[0047] Since it is possible to irradiate a light of a plurality of colors to an original at each pixel and detect a quantity of 
a reflected light by further comprising a plurality of back light sources for emitting a light of a different color from each 

40 other, a color picture can be read with high pixel density and resolution. A liquid crystal display device with a function of 
reading a picture in the present invention uses a photo detector, which detects a quantity of a reflected light from an 
original by a discharge of an electric charge held beforehand due to the reflected light from the original, as the above- 
mentioned photo detector, and is composed so that in reading the picture an original picture can be read by making the 
above-mentioned liquid crystal a transmission state and irradiating the light of the above-mentioned back light sources 

45 to the original and detecting the quantity of the reflected light from the original with the above-mentioned photo detector 
as well as holding an electric charge at the above-mentioned photo detector at each single pixel or each set of pixels 
which are not adjacent to each other. Since such composition, likewise, makes it possible to display and read the picture 
without providing the source lines and the gate lines exclusive to the second transistor which is connected to one end 
of the photo detector, the downsizing of the device and the improvement of operationalization and the decrease of man- 

so ufacturing cost can be intended without causing the deterioration of visibility by the decrease of effective display area 
of the picture, and since the storage of electric charge at the photo detector and the illumination on the original are exe- 
cuted at only the pixels to be read which are not adjacent to each other and the light from adjacent pixels never enters, 
the crosstalk can be reduced and the resolution of reading the picture can be improved, and additionally, high reading 
rate is intended. 

55 [0048] It is preferred that the above-mentioned set of pixels which are not adjacent to each other is determined at, 
according to the pixel density in reading, for example, a set of every two or more pixels, or a set of pixels which are adja- 
cent to each other in a predetermined direction and are every two or more pixels in a direction vertical to the above- 
mentioned predetermined direction. 
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[0049] The display and read of a color picture can also be executed by further comprising a color filter in which a field 
for transmitting a light of each predetermined color is formed corresponding to each pixel electrode. 
[0050] Meanwhile, since it is possible to irradiate a light of a plurality of colors to an original at each pixel and detect 
a quantity of a reflected light by comprising a plurality of back light sources for emitting a light of a different color from 
each other, a color picture can be read with high pixel density and resolution. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0051] 

Fig. 1 is a perspective view showing an external constitution of a liquid crystal display device with a function of read- 
ing a picture in Embodiment 1 . 

Fig. 2 is a description view showing a circuit constitution of an active matrix panel 13 in Embodiment 1 . 
Fig. 3 is a plan view showing a concrete constitution of an active matrix panel 13 in Embodiment 1 . 
Fig. 4 is a cross section on lines A — A and B — B of Fig. 3. 

Fig. 5 is a description view showing a method of manufacturing an active matrix panel 13 in Embodiment 1 . 

Fig. 6 is a description view showing an arrangement of pixels wherein an original picture is read in one exposing 

process in Variant Example of Embodiment 1. 

Fig. 7 is a plan view showing a concrete constitution of an active matrix panel 13 in Embodiment 2. 
Fig. 8 is a cross section on lines A — A and B — B of Fig. 6. 

Fig. 9 is a circuit diagram showing a variant example (another example of a connection of photodiode 25) of a liquid 
crystal display device with a function of reading a picture in Embodiment 3. 

Fig. 10 is a circuit diagram showing another variant example (an example of impressing a source voltage on an 
anode side of photodiode 25) of a liquid crystal display device with a function of reading a picture in Embodiment 3. 
Fig. 1 1 is a description view showing an example in the case of composing an in-plane switching system liquid crys- 
tal display device. 

Fig. 12 is a perspective view showing an external constitution of a liquid crystal display device with a function of 
reading a picture in Embodiment 4. 

Fig. 13 is a perspective view showing an external constitution of a liquid crystal display device with a function of 
reading a picture in Embodiment 5. 

Fig. 14 is a perspective view showing an external constitution of a liquid crystal display device with a function of 
reading a picture in Embodiment 6. 

Rg. 15 is a plan view showing a concrete constitution of an active matrix panel 13 in Embodiment 6. 
Fig. 16 is a cross section on lines A — A and B— B of Fig. 14. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0052] The details of the present invention are described concretely on the basis of Embodiments. 
(Embodiment 1) 

[0053] An example of a liquid crystal display device wherein a surface of displaying a picture is placed so as to be 
approximately level, as shown in Fig. 1 , is described as a liquid crystal display device with a function of reading a picture 
in Embodiment 1 of the present invention. 

(1) A general composition of the liquid crystal display device 

[0054] This liquid crystal display device is composed in a lamination of a polarizing filter layer 1 1 , an active matrix 
panel 13 which is detailed below with a transparent pixel electrode 24 on a glass substrate 12, a liquid crystal layer 14, 
an opposite glass substrate 16 with a transparent opposite electrode 15 and a polarizing filter layer 17. A backlight 18 
is provided below the polarizing filter layer 1 1 , while a touch panel unit 19 is provided above the polarizing filter layer 1 7. 
[0055] When this liquid crystal display device is applied to the device, such as personal computers, wherein a surface 
of displaying a picture is inclined, an original guide wherein the form of its cross section is L-shaped. quadrilateral with 
a lack of one side and linear may be provided in the peripheral part of picture display field, and while reading the picture, 
the displaying surface may be revolved so as to be approximately level as shown in Fig. 1 . 

[0056] The above-mentioned liquid crystal layer 1 4 is formed by sealing a twisted nematic liquid crystal of a right angle 
into a predetermined gap between the active matrix panel 13 and the transparent opposite electrode 15. By means of 
using a liquid crystal with a negative dielectric constant anisotropy as this liquid crystal as well as arranging the polar- 
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izing filter layer 1 1 and the polarizing filter layer 17 in such direction (crossed nicols) that a polarized direction of one of 
the polarizing filter layers and an oriented direction of the liquid crystal are parallel to each other and polarized direc- 
tions of both polarizing filter layers 1 1 and 1 7 are orthogonal to each other, the liquid crystal layer 1 4 (for further details, 
the polarizing filter layers 1 1 • 1 7 and the liquid crystal layer 1 4) is composed so as to be made a transmission state 
5 under the action of electric field. 

[0057J Tne transparent opposite electrode 1 5 is determined at a predetermined electric potential Vp, and in order to 
reduce the driving voltage, the electric potential Vp may be reversed at each horizontal scanning period or each field 
period. 

[0058] Various types such as a contact type and a capacitance type are applicable to the touch panel unit 19. 
io Although this touch panel unit 1 9 do not necessarily has to be provided, by means of providing this touch panel unit, the 
putting of an original can be confirmed, and additionally, the read of a picture can be started automatically when the 
putting of the original is detected, and picture data according to the size can be obtained by detecting the size of the 
original which is put on. 

15 (2) A composition of a circuit which is formed on the active matrix panel 1 3 

[0059] As shown in Fig. 2, a display and read part 21, a driver circuit part 31 which is arranged at its periphery, and 
a control part 71 for controlling the operation of the driver circuit part 31 and the backlight 1 8 are provided on the active 
matrix panel 13. The control part 71 may be provided outside the active matrix panel 13. 
20 [0060] A source line 22 and a gate line 23 in the directions which are orthogonal to each other are provided in the 
display and read part 2 1 . The transparent pixel electrode 24, a photodiode 25, a TFT (L) 26 for the transparent pixel elec- 
trode 24, and a TFT (D ) 27 for the photodiode 25 are provided corresponding to each crossing section of the source line 
22 and the gate line 23. 

[0061] The TFT( L ) 26 is formed into a TFT with n-channel, while the TFT (D) 27 is formed into a TFT with p-channel. 
25 That is, each of them can be controlled in an ON state independently by impressing a positive voltage V L or a negative 
voltage V D on the gate line 23. Although each polarity of the TFT^j 26 and the TFT (D) 27 may be reverse, generally, to 
form the TFT (L j 26, which is connected to the transparent pixel electrode 24, into a TFT with n-channel facilitates high 
displaying rate. 

[0062] Source electrodes 26a and 27a of the above-mentioned TFT (L ) 26 and TFT (D) 27 are connected to the source 
30 line 22, and gate electrodes 26b and 27b are connected to the gate line 23. 

[0063] A drain electrode 26c of the TFT (L) 26 is connected to the transparent pixel electrode 24, while a drain elec- 
trode 27c of the TFT (D ) 27 is connected to a cathode side of the photodiode 25. An anode side of the photodiode 25 is 
grounded through a light shielding electrode 28. That is, the photodiode 25 is connected so that a reverse bias voltage 
can be impressed. 

35 [0064] In order to intend the improvement of the quality of a display picture, capacitors may be provided in parallel 
with the transparent pixel electrode 24 and the transparent opposite electrode 15, and capacity may be held between 
each transparent pixel electrode 24 and the gate line 23 of adjacent pixels. 

[0065] A shift register 32, a TFT control circuit 33, a shift register 34, a charging voltage output circuit 35 and a read 
circuit 36 are provided in the driver circuit part 31 . The shift register 32 synchronizes a pulse of a vertical synchronizing 

40 signal V synk, which is input once at each vertical scanning period, with a horizontal synchronizing signal H synk which 
is a vertical clock, and shifts sequentially and outputs the pulse as a timing signal to the TFT control circuit 33. 
[0066] The TFT control circuit 33, according to the above-mentioned timing signal and a TFT selection signal for 
directing a selection of the TFT^ 26 or the TFTp } 27, outputs a drive pulse of a gate voltage Vg with the voltage of V L 
(positive) or V D (negative) to each gate line 23 sequentially, and makes the TFT^ 26 and the TFT (D) 27 on each hori- 

45 zorrtal scanning line an ON state. 

[0067] The shift register 34 synchronizes a pulse of a horizontal synchronizing signal H synk, which is input once at 
each horizontal scanning period, with a horizontal clock H ck, and shifts sequentially and outputs a timing signal for tak- 
ing in display picture data of each pixel and outputting read picture data to the charging voltage output circuit 35 and 
the read circuit 36. 

so [0068] The charging voltage output circuit 35 is composed of a line memory 35a and a D/A converter (a digital-analog 
converter) 35b. 

[0069] The above-mentioned line memory 35a is composed so as to hold display picture data of each pixel for one 
horizontal scanning line, according to the timing signal from the shift register 34. 

[0070] The D/A converter 35b is composed so as to output a source voltage Vs (for example, 0-6 V) according to the 
55 display picture data, which is held in the line memory 35a, to the source line 22, and store a predetermined electric 
charge between the transparent pixel electrode 24 and the transparent opposite electrode 15 or at the photodiode 25. 
[0071] Meanwhile, the read circuit 36 is composed of an A/D converter (an analog-digital converter) 36a and a line 
memory 36b. 
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[0072] The A/D converter 36a is connected to the source line 22 and detects light exposure of the photodiode 25 to 
reflected light from an original, and outputs read picture data of each pixel. For further details, after electric charge, 
which is stored at the photodiode 25 by a predetermined voltage (for example. 5-6 V) output from the D/A converter 35b 
beforehand, is discharged by the exposure to reflected light from the original, the converter detects the quantity of elec- 
5 trie charge which is necessary for the replenishment while replenishing the discharged electric charge, and outputs dig- 
ital data correspondingly. The voltage at both ends of the photodiode 25 after discharging as described above may be 
detected, as well as thus the quantity of electric charge which is necessary for the replenishment of electric charge is 
detected. 

[0073] The line memory 36b holds the read picture data of each pixel for one horizontal scanning line, which is output 
io from the A/D converter 36a, for the time being, and outputs sequentially, according to the timing signal from the shift 
register 34. 

(3) A concrete composition and a manufacturing method of the active matrix panel 13 

is [0074] The active matrix panel 13, such as shown in Fig. 3 and Fig. 4, is composed in the arrangement of the trans- 
parent pixel electrode 24, the photodiode 25, the TFT^ 26 and the TFT (D) 27 on the glass substrate 12. 
[0075] The above-mentioned photodiode 25 is composed of semiconductor layers 25a and 25b. 
[0076] The TFT( L ) 26 and the TFT (D) 27 are composed of the source electrodes 26a and 27a, the gate electrodes 26b 
and 27b, the drain electrodes 26c and 27c, semiconductor layers 26d and 27d, ohmic layers 26e and 27e, and a gate 

20 insulation film 43. In Fig. 3, the gate insulation film 43 is omitted for convenience. The above-mentioned source elec- 
trodes 26a and 27a, and the above-mentioned gate electrodes 26b and 27b are composed of convex parts which are 
formed on the source line 22 and the gate line 23 respectively. 

[0077] The active matrix panel 13, as described above, is manufactured such as shown in Fig. 5. 

25 (a) A chromium layer 41 with the thickness of 100 nm is sedimented on the glass substrate 12 by a sputtering 
method. 

(b) The above-mentioned chromium layer 41 is patterned by etching, and the gate electrodes 26b and 27b and the 
light shielding electrode 28 are formed. The above-mentioned gate electrodes 26b and 27b compose the gate line 
23 in a cross section which is not shown in figures. The light shielding electrode 28 composes a wiring pattern at 

30 the anode side of the photodiode 25. 

(c) An ITO layer 42, which is a transparent electrode with the thickness of 100 nm, is sedimented on the glass sub- 
strate 12 by a sputtering method. 

(d) The ITO layer 42 is patterned by etching, and the transparent pixel electrode 24 is formed. 

(e) After the gate insulation film 43 with the thickness of 400 nm, which is composed of SiN x (for example, Si 3 N 4 ) 
35 or Si0 2 , is sedimented by a plasma CVD method, the part above the light shielding electrode 28 and the part above 

a contact part 24a with the drain electrode 26c in the transparent pixel electrode 24 are removed by etching. 

(f) After an amorphous silicon (a-Si) layer with the thickness of 100 nm is sedimented by a plasma CVD method, 
and a polycrystalline silicon (p-Si) layer is formed by crystallizing with a excimer laser, the layer is patterned by 
etching, and the semiconductor layers 26d and 27d for the TFT (L) 26 and the TFT (D) 27 and the semiconductor 

40 layer 25a for the photodiode 25 are formed. 

The above-mentioned semiconductor layer 26d is formed into n-channel by injecting such impurity as phos- 
phorus with the method of ion implantation or ion shower, while the semiconductor layer 27d and the semiconduc- 
tor layer 25a are formed into p-channel by injecting such impurity as boron. In this case, the semiconductor layer 
26d with n-channel and the semiconductor layer 27d and the semiconductor layer 25a with p-channel may be man- 

45 ufactured separately with two practices instead of injecting the impurities selectively. 

(g) Like the above-mentioned semiconductor layer 26d, 27d and 25a, the ohmic layers 26e and 27e with the thick- 
ness of 50 nm are formed on a source field and a drain field in the semiconductor layers 26d and 27d. The photo- 
diode 25 is composed in the formation of the ohmic layer 25b of p-Si with n + on the semiconductor layer 25a. 

(h) After an aluminium layer with the thickness of 700 nm is sedimented by a sputtering method, the layer is pat- 
so terned by etching, and the TFT^j 26 and the TFTpj 27 are composed in the formation of the source electrodes 26a 

and 27a, and the drain electrodes 26c and 27c. 

[0078] The above-mentioned source electrodes 26a and 27a compose the source line 22 in a cross section which is 
not shown in figures. The drain electrode 26c of the TFT^ 26 is connected to the contact part 24a in the above-men- 
55 tioned transparent pixel electrode 24, while the drain electrode 27c of the TFT p) 27 is connected to the ohmic layer 25b 
of the photodiode 25. 

[0079] Lastly, a passivation film 44 is formed on the source electrode 26a, the drain electrode 26c, the semiconductor 
layer 26d and the like. 
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[0080] In the above-mentioned manufacturing method, the display and read part 21 is chiefly described. In the case 
of using the polycrystalline silicon process as described above, particularly, transistors and wiring which compose the 
driver circuit part 31 can easily be manufactured in the same process at the same time. Meanwhile, in the case of using 
the amorphous silicon process, the driver circuit part 31 may be composed in the direct provision of driver IC on the 
glass substrate 12 or in the provision of another substrate by using a flexible substrate. 

(4) The operation while displaying a picture 

[0081 ] After the pulse of the horizontal synchronizing signal H synk is input to the shift register 34, the pulse is syn- 
chronized with the horizontal clock H ck, and the display picture data of each pixel is input to the line memory 35a, and 
the line memory 35a holds the display picture data for one horizontal scanning line sequentially, and the D/A converter 
35b outputs the voltage according to each of the display picture data to each source line 22. 

[0082] After the pulse of the vertical synchronizing signal V synk is input to the shift register 32, the vertical dock V ck 
(the horizontal synchronizing signal H synk) is input, and the TFT selection signal for directing the selection of the 
TFT(i_) 26 is input to the TFT control circuit 33, and the TFT control circuit 33 outputs the drive pulse with the voltage of 
V L (positive) to the gate line 23 corresponding to the first horizontal scanning line. 

[0083] Then, each TFT^g 26 which is connected to the above-mentioned gate line 23 is made the ON state, and elec- 
tric field is formed by storing electric charge according to the voltage, which is output from the D/A converter 35b, 
between each transparent pixel electrode 24 and each transparent opposite electrode 15. That is, the liquid crystal layer 
14 corresponding to each transparent pixel electrode 24 rotates a polarizing plane of light from the backlight 18, and is 
made a transmission state with luminance according to each of the display picture data. This state is kept till the drive 
pulse is impressed again on the same gate line 23 in the next field. 

[0084] As described above, the voltage according to the display picture data may be synchronized with the horizontal 
clock H ck and may be output sequentially at each pixel in one horizontal scanning line without being output to each 
source line 22 simultaneously. 

[0085] The picture for one screen is displayed by executing similar operation on each horizontal scanning line every 
time the horizontal synchronizing signal H synk is input. 

(5) The operation while reading a picture 

[0086] When an original is put on the liquid crystal display device and a picture read switch which is not shown in fig- 
ures is operated in such state that the putting of the original is detected by the touch panel unit 19, the read of an orig- 
inal picture is executed as shown in the following Table 1 A and below. 



Table 1A 





pixel electrode charge 


photodiode charge 


exposure 


readout 


gate voltage Vg 


v L (+) 


v D (— ) 


(0) 


v D (-) 


TFT W 26 


ON 


OFF 


OFF 


OFF 


TFTp) 27 


OFF 


ON 


OFF 


ON 


source voltage Vs 


Vs L max 


Vs D 






liquid crystal layer 1 4 


arbitrary — » transmission 


transmission 


transmission 


transmission 


backlight 18 


arbitrary 


turn off 


turn on 


turn off 



(a) The liquid crystal layer 14 corresponding to all pixels is made a transmission state by the same operation as in 
displaying the picture described above. 

That is, the TFT selection signal for directing the selection of the TFT^g 26 is input to the TFT control circuit 33, 
and the TFT^ 26 is made the ON state by outputting the gate voltage Vg=V L (positive) from the TFT control circuit 
33 to the gate line 23, and the source voltage Vs = Vs L max corresponding to maximal luminance is output from 
the D/A converter 35b to the source line 22, and the electric charge is stored between the transparent pixel elec- 
trode 24 and the transparent opposite electrode 15, and the liquid crystal layer 14 is made a transmission state. 

(b) A predetermined electric charge is stored at the photodiode 25 by the operation wherein the gate voltage Vg 
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and the source voltage Vs are different from in displaying the picture described above. 

That is, the TFT selection signal for directing the selection of the TFTp^ 27 is input to the TFT control circuit 
33, and the TFT (D) 27 is made the ON state by outputting the gate voltage Vg = V D (negative) from the TFT control 
circuit 33 to the gate line 23, and the data corresponding to the predetermined source voltage Vs = Vs D for 
5 impressing on the photodiode 25 is input to the line memory 35a as the display picture data, and the above-men- 

tioned predetermined source voltage Vs - Vs D is output from the D/A converter 35b to the source line 22. Then, 
the photodiode 25 is made the impressed state of the reverse bias voltage, whereby the predetermined electric 
charge is stored. 

The backlight 18 is turned off by at least this point of time. 
10 (c) When the backlight 1 8 is turned on for a predetermined time, the light emitted from the backlight 18 is irradiated 
to an original through the liquid crystal layer 14, and the photodiode 25 is exposed to the reflected light. 

Then, electric charge which cancels the stored electric charge is generated at the photodiode 25 according to 
the quantity of entered light, and the quantity of the stored electric charge decreases. That is, more quantity of the 
stored electric charge decreases in the part with higher lightness (lower density) of an original picture, while less 
15 quantity of the stored electric charge decreases in the part with lower lightness (higher density). 

(d) After the backlight 18 is turned off. like the above-mentioned (b), the gate voltage Vg =V D (negative) is output 
from the TFT control circuit 33 to the gate line 23, and the TFTpj 27 is made the ON state. At this moment, the 
output of the D/A converter 35b in the charging voltage output circuit 35 is kept in a high impedance state. 

20 [0087] Then, the A/D converter 36a outputs the read picture data according to the decreasing quantity of the stored 
electric charge at the photodiode 25 to the line memory 36b, and the line memory 36b holds the read picture data of 
each pixel for one horizontal scanning line for the time being, and outputs the above-mentioned read picture data 
sequentially, according to the timing signal from the shift register 34. 

[0088] In the above-mentioned example, it is indicated that the liquid crystal layer 14 is made the transmission state 
25 under the action of electric field by means of using the liquid crystal with a negative dielectric constant anisotropy as the 
liquid crystal layer 14 as well as arranging the polarizing filter layer 1 1 and the polarizing filter layer 17 in such direction 
(crossed nicols) that the polarized direction of one of the polarizing filter layers and the oriented direction of the liquid 
crystal are parallel to each other and the polarized directions of both polarizing filter layers 1 1 and 17 are orthogonal to 
each other, and it is similar to use a liquid crystal with a positive dielectric constant anisotropy as well as arrange the 
30 polarizing filter layer 1 1 and the polarizing filter layer 1 7 in such direction (parallel nicols) that an oriented direction of 
the liquid crystal and polarized directions of both polarizing filter layers 1 1 and 17 are parallel to each other. 
[0089] Thus, when the liquid crystal layer 14 is composed so as to be made the transmission state under the action 
of electric field, it is also possible to equalize the voltage Vs L max impressed on the transparent pixel electrode 24 and 
the voltage V D impressed on the photodiode 25, and particularly, when these source voltages Vs are provided directly 
35 by a predetermined power supply not depending on the D/A converter 35b, H is an advantage that the simplification of 
circuits is facilitated by reducing the kinds of power supply. 

[0090] Meanwhile, a twisted nematic liquid crystal of a right angle with a negative dielectric constant anisotropy may 
be used as well as the polarizing filter layer 1 1 and the polarizing filter layer 17 may be arranged in such direction (par- 
allel nicols) that the polarized directions are parallel, or a liquid crystal with a positive dielectric constant anisotropy may 

40 be used as well as the polarizing filter layer 1 1 and the polarizing fitter layer 1 7 may be arranged in such direction 
(crossed nicols) that the polarized directions are orthogonal. That is, in this case, since the liquid crystal layer 14 is 
made a transmission state under no action of electric field, it is preferred to impress Vs = Vs L min instead of the above- 
mentioned source voltage Vs = Vs L max and discharge stored electric charge between the transparent pixel electrode 
24 and the transparent opposite electrode 1 5. 

45 [0091 ] Although it is exemplified that the backlight 1 8 is turned off except the occasion of exposure, the backlight 18 
may be kept on when sufficient electric charge can be stored at the photodiode 25 even in the state of turning on. How- 
ever, in this case, since discharging begins as soon as each TFTpj 27 is made an OFF state, it is necessary to equalize 
exposure time of each photodiode 25 by executing readout or making the liquid crystal layer 14 a shielding state for the 
time being at equal delay time from the point of time when each TFTpj 27 is made the OFF state. Nevertheless, the 

so accurate control of exposure time is facilitated as compared with the case of turning on and off the backlight 1 8. 

[0092] Moreover, as shown in the following Table 2A, the liquid crystal layer 14 may be made a transmission state 
after storing electric charge at the photodiode 25. In this case as well, the backlight 18 may be kept on if the effect of 
making the liquid crystal layer 14 a shielding state is satisfactory. However, in the case, as described above, it is neces- 
sary to equalize the exposure time of each photodiode 25. Meanwhile, when electric charge is stored at the photodiode 

55 25 in the state of turning off the backlight 18 and there is little influence of transmitted light through the back of an orig- 
inal which is put on, as shown in Table 2A. it is not always necessary to keep the liquid crystal layer 14 in the shielding 
state when the electric charge is stored at the photodiode 25. 
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Table 2A 





photodiode charge 


pixel electrode charge 


exposure 


readout 


gate voltage Vg 


v D (-) 


v L (+) 


(0) 


V D (— ) 


TFT W 26 


OFF 


ON 


OFF 


OFF 


TFTpj 27 


ON 


OFF 


OFF 


ON 


source voltage Vs 


Vs D 


Vs L max 






liquid crystal layer 14 


shielding 


transmission 


transmission 


transmission 


backlight 18 


turn off 


turn off 


turn on 


turn off 



[0093] Each of the above-mentioned composition materials, the order of each step in a manufacturing process, proc- 
ess conditions and the like are mere examples, and this embodiment is not limited to these examples. 

(Variant Example of Embodiment 1) 

[0094] An example of a liquid crystal display device with a function of reading a picture, wherein the crosstalk can be 
reduced and the resolution of reading a picture can be improved since the light from adjacent pixels never enters by 
irradiating the light of the backlight 18 to an original at each single pixel or each set of pixels which are not adjacent to 
each other and reading an original picture, is described as Variant Example of the above-mentioned Embodiment 1 . 
[0095] That is, although it is exemplified in Embodiment 1 that the read of picture data is executed by executing, for 
all pixels, one cycle operation comprising the storage of electric charge at the photodiode 25 and the exposure of the 
photodiode 25 and the output of the picture data, the picture data may be read by repeating the operation in the above- 
mentioned cycle at each pixel. In the former case, since the read of the picture data is executed by the operation in one 
cycle described above, high reading rate is obtained, while in the latter case, since the light from the backlight 18 is irra- 
diated to an original at each pixel, the crosstalk is prevented which is caused since reflected light from peripheral pixels 
in the original enters the photodiode 25, and thereby high resolution is easily obtained. The picture data may be read 
by repeating the operation in the above-mentioned cycle at each pixel for one line along one source line 22 (or gate line 
23). In this case, since the crosstalk is prevented in the direction which is vertical to the above-mentioned source line 
22 (or gate line 23). the resolution can be raised to some extent and the reading rate can be accelerated comparatively. 
Furthermore, high resolution and high reading rate can be intended by repeating the operation in the above-mentioned 
cycle at every three or more pixels, or each of the pixels on every two lines. 

[0096] This liquid crystal display device is composed similarly to Embodiment 1 and differently chiefly, in the control 
operation of the control part 71 while reading a picture. The operation while reading the picture is described below. 
Detailed descriptions as regards the components with the same function as the above-mentioned Embodiment 1 is 
omitted hereinafter by assigning the same numbers to those components. 

[0097] When an original is put on the liquid crystal display device and a picture read switch which is not shown in fig- 
ures is operated in such state that the putting of the original is detected by the touch panel unit 19, the read of an orig- 
inal picture is executed as shown in the following Table 1 B and below. 



Table 1B 





pixel electrode charge 


photodiode charge 


exposure 


readout 


gate voltage Vg 


v L (+) 


v D (^ 


(0) 


v D (^ 




ON 


OFF 


OFF 


OFF 


TFT p) 27 


OFF 


ON 


OFF 


ON 


source voltage Vs 


pixel P1:Vs L max 
pixel P2:Vs!_min 


Vs D 
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Table 1 B (continued) 





pixel electrode charge 


photodiode charge 


exposure 


readout 


liquid crystal layer 
14 


pixel P1: transmission 
pixel P2: shielding 


pixel P1: transmis- 
sion 

pixel P2: shielding 


pixel P1 : transmis- 
sion 

pixel P2: shielding 


pixel P1: transmis- 
sion 

pixel P2: shielding 


backlight 18 


arbitrary 


turn off 


turn on 


turn off 



10 

(a) By means of the same operation as in displaying a picture in Embodiment 1, as shown in Fig. 6(a), the liquid 
crystal layer 14 corresponding to every two pixels PI vertically and horizontally is made a transmission state, while 
the liquid crystal layer 14 corresponding to a pixel P2 adjacent to the pixel P1 is made a shielding state. 

is That is, the TFT selection signal for directing the selection of the TFT (L) 26 is input to the TFT control circuit 33, 

and each TFT (L j 26 is made an ON state sequentially by outputting the gate voltage Vg ^V L (positive) sequentially 
from the TFT control circuit 33 to each gate line 23, and the source voltage Vs = Vs L max corresponding to maxi- 
mal luminance as regards the pixel P1 and a source voltage Vs = Vs L min corresponding to minimal luminance as 
regards the pixel P2 are output from the D/A converter 35b to the source line 22 in synchronization with the output 

20 of the above-mentioned gate voltage Vg, and electric charge is stored or discharged between the transparent pixel 
electrode 24 and the transparent opposite electrode 15, and only the liquid crystal layer 14 at the pixel P1 is made 
the transmission state. 

(b) The predetermined electric charge is stored at the photodiode 25 corresponding to the pixel P1 by the operation 
wherein the gate voltage Vg and the source voltage Vs are different from in displaying the picture described above. 

25 That is, the TFT selection signal for directing the selection of the TFT (D ) 27 is input to the TFT control circuit 33, and 
the TFT( D ) 27 is made an ON state by outputting the gate voltage Vg =V D (negative) from the TFT control circuit 
33 to the gate line 23, and the data corresponding to the predetermined source voltage Vs = Vs D for impressing 
on the photodiode 25 is input to the line memory 35a as the display picture data, and the above-mentioned prede- 
termined source voltage Vs = Vs D is output from the D/A converter 35b to the source line 22. Then, the photodi- 

30 ode 25 is made the impressed state of the reverse bias voltage, whereby the predetermined electric charge is 
stored. 

The backlight 18 is turned off by at least this point of time. 

The simplification of control may be intended by storing electric charge also at the photodiode 25 correspond- 
ing to the pixel P2. Meanwhile, the time for storing electric charge can be shortened by storing electric charge only 
35 at the pixel P1 . In the latter, for further details, it is preferred to provide two shift registers, each of which is con- 
nected to the gate lines 23 in order of odd numbers or even numbers and to which vertical synchronizing signals V 
synk with the gap of phase by half cycle are input while displaying a picture, for example, instead of the shift register 
32, and to input a vertical synchronizing signal V synk only to one of those shift registers while storing electric 
charge at the photodiode 25. 

40 (c) When the backlight 18 is turned on for a predetermined time, the light emitted from the backlight 18 is irradiated 
to an original only through the liquid crystal layer 14 at the pixel P1, and the photodiode 25 at the pixel P1 is 
exposed to the reflected light. 

Then, electric charge which cancels the stored electric charge is generated at the photodiode 25 according to 
the quantity of entered light, and the quantity of the stored electric charge decreases. That is, more quantity of the 
45 stored electric charge decreases in the part with higher lightness (lower density) of an original picture, while less 
quantity of the stored electric charge decreases in the part with lower lightness (higher density). 

As described above, since the reflected light from adjacent pixels in an original picture never enters the photo- 
diode 25 by irradiating the light emitted from backlight to the original only through the liquid crystal layer 14 at the 
pixel P1, the crosstalk with adjacent pixels is reduced and the resolution is improved. 
so (d) After the backlight 18 is turned off, like the above-mentioned (b), the gate voltage Vg=V D (negative) is output 
from the TFT control circuit 33 to the gate line 23. and the TFTpj 27 is made the ON state. At this moment, the 
output of the D/A converter 35b in the charging voltage output circuit 35 is kept in a high impedance state. 

Then, the A/D converter 36a outputs the read picture data according to the decreasing quantity of the stored 
electric charge at the photodiode 25 to the line memory 36b, and the line memory 36b holds the read picture data 
55 of each pixel for one horizontal scanning line for the time being, and outputs the above-mentioned read picture date 
sequentially according to the timing signal from the shift register 34. 

Indefinite picture data are output as regards the pixel P2. however, picture data may be output at all pixels and 
only picture data at the pixel P1 may be extracted by data processing later, the drive pulse may be output from the 
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TFT control circuit 33 only to the gate line 23 corresponding to the pixel P1, and A/D conversion and the retention 
and output of picture data may be executed selectively in the read circuit 36 only as regards the pixel P1 . 
(e) The read of an original picture at all pixels is executed by repeating the above-mentioned operation of (a)-(d) at 
each of three pixels which are adjacent to the pixel P1 . 

5 

[0098] Although it is indicated in the above-mentioned example that the original picture are read at each set of every 
two pixels P1 as shown in Fig. 6(a), the crosstalk with adjacent pixels may be reduced further by reading at each set of 
every three or more pixels P1 as shown in Fig. 6(b), for example, according to pixel density. The read operation may be 
repeated at each pixel P1 as shown in Fig. 6(c). In this case, it takes somewhat longer time to read the whole original 

10 picture because of more repetition of the read operation, however, the resolution can be easily raised with certainty by 
mostly preventing the crosstalk with other pixels even in the case of high pixel density Moreover, the read operation may 
be executed at each set of pixels for one line along one source line 22 or gate line 23 as shown in Figs. 6(d)(e), and the 
read operation may be executed at each set of pixels for a plurality of lines along every two or more source lines 22 or 
gate lines 23 as shown in Figs. 6(f) (g). In these cases, since the crosstalk is prevented in a direction which is vertical to 

75 the above-mentioned source line 22 or gate line 23, the resolution can be raised to some extent and the reading rate 
can be accelerated comparatively. 

[0099] The liquid crystal layer 14 may be made a transmission state after storing electric charge at the photodiode 
25, as shown in the following Table 2B, at each set of pixels which are not adjacent to each other. 

20 

Table 2B 





photodiode charge 


pixel electrode 
charge 


exposure 


readout 


gate voltage Vg 




V L (+) 


(0) 


v D (-) 


TFT (L) 26 


OFF 


ON 


OFF 


OFF 


TFT (D) 27 


ON 


OFF 


OFF 


ON 


source voltage Vs 


Vs D 


pixel P1:Vs L max 
pixel P2:Vs L min 






liquid crystal layer 14 


pixel PI : shielding 


pixel PI: transmis- 
sion 


pixel P1 : transmission 


pixel P1: transmission 




pixel P2: shielding 


pixel P2: shielding 


pixel P2: shielding 


pixel P2: shielding 


backlight 18 


turn off 


turn off 


turn on 


turn off 



(Embodiment 2) 

40 

[0100] An, example having an staggered type TFT, wherein the gate electrodes 26b and 27b are provided above the 
semiconductor layers 26d and 27d as well as the TFT (L ) 26 and the TFTp) 27 are formed on the light shielding elec- 
trode 28, is described as another example of the active matrix panel 13 which composes a liquid crystal display device 
with a function of reading a picture. 

45 [0101] The light shielding electrode 28 is formed on the glass substrate 12 as shown in Figs. 7 and 8, and the semi- 
conductor layers 26d and 27d of the TFT (L j 26 or the TFTp^ 27 are formed on the light shielding electrode 28 through 
an insulation film 29 which is composed of, for example, Si0 2 . The semiconductor layer 25a of the photodiode 25 is 
formed directly on the light shielding electrode 28 like Embodiment 1 , and the light shielding electrode 28 composes a 
wiring pattern at the anode side. 

so [0102] The ohmic layers 26e and 27e, the source electrodes 26a and 27a, and the drain electrodes 26c and 27c are 
formed above the semiconductor layers 26d and 27d, and the gate electrodes 26b and 27b are formed through the gate 
insulation film 43 on them. 

[0103] Thus, since a liquid crystal display device with a function of reading a picture can be manufactured in the same 
process as ordinary liquid crystal display devices by composing the wiring pattern of the photodiode 25 with the light 
55 shielding electrode 28, the decrease of manufacturing cost can be intended easily. 
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(Embodiment 3) 

[01 04] An, example, wherein both TFT (L) 26 and TFT (D) 27 are formed into TFTs with n-channel, and a threshold volt- 
age v lo of a 9,at e at the TFT^ L j 26 is determined higher than a threshold voltage Vqq of a gate at the TFTpj 27, is 
s described. 

[0105] That is, only the TFTpj 27 is made an ON state when the gate voltage Vg which satisfies V DO < Vg < V LO is 
impressed on the gate line 23, while both TFT (L) 26 and TFTp) 27 are made the ON state when the gate voltage Vg 
which satisfies V LO < Vg is impressed. Such determination of the threshold voltage can be executed by various publicly 
known means, for example, the density is controlled while injecting such impurity as phosphorus into the semiconductor 
10 layers 26d and 27d. 

[0106] In a liquid crystal display device with a function of reading a picture comprising the above-mentioned TFT^j 
26 and TFTp) 27, the read of an original picture is executed as shown in the following Table 3A and below. 



Table 3A 





pixel electrode charge 


photodiode charge 


exposure 


readout 


gate voltage Vg 


v LO <vg 


V DO <Vg<V LO 


vg<v DO 


V DO <Vg<V LO 


TFT (L) 26 


ON 


OFF 


OFF 


OFF 


TFT (D) 27 


(ON) 


ON 


OFF 


ON 


source voltage Vs 


Vs L max 


Vs D 






liquid crystal layer 14 


arbitrary -> transmission 


transmission 


transmission 


transmission 


backlight 18 


arbitrary 


turn off 


turn on 


turn off 



30 (a) When the gate voltage Vg which satisfies V LO < Vg is output to the gate line 23, the TFT^j 26 is made an ON 
state, and by means of the source voltage Vs = Vs L max which is output to the source line 22 at that moment, elec- 
tric charge is stored between the transparent pixel electrode 24 and the transparent opposite electrode 15, and the 
liquid crystal layer 1 4 corresponding to all pixels is made a transmission state. 

On the occasion, since the TFTpj 27 is also made the ON state and electric charge is stored similarly at the 

35 photodiode 25 by the source voltage Vs = Vs L max , the following step of storing the electric charge only at the pho- 
todiode 25 can be omitted in the case of Vs L max = Vs D . 

(b) When the gate voltage Vg which satisfies V DO < Vg < V LO is output to the gate line 23, only the TFTpj 27 is 
made an ON state, therefore, the storage of a predetermined electric charge is executed by the voltage Vs D which 
is different from the above-mentioned source voltage Vs » Vs L max . 

40 The backlight 18 is turned off by at least this point of time. 

(c) When the backlight 18 is turned on for a predetermined time as well as both TFT (L j 26 and TFT^ 27 are made 
an OFF state by outputting the gate voltage Vg which satisfies Vg < V DO to the gate line 23, the light emitted from 
the backlight 18 is irradiated to an original through the liquid crystal layer 14, and the photodiode 25 is exposed to 
the reflected light, and the photodiode 25 has the quantity of stored electric charge according to the density of an 

45 original picture. 

(d) After the backlight 18 is turned off, like the above-mentioned (b), the gate voltage Vg which satisfies V DO < Vg 
< V LO is output to the gate line 23, and only the TFTpj 27 is made an ON state, and read picture data are obtained. 

[0107] In also this Embodiment 3, as described in the above-mentioned Embodiment 1 , the backlight 18 may be kept 
so on by executing the readout of picture data at the same timing as in storing electric charge, and equalizing exposure 
time of each photodiode 25. 

[0108] In such composition as Embodiment 3, while displaying a picture, namely, whenever the TFT^ 26 is made an 
ON state, the TFTpj 27 is also made an ON state. However, if electric potential at the anode side of the photodiode 25 
is ordinarily kept at ground electric potential, a display picture are hardly affected since the reverse bias voltage is 
55 merely impressed on the photodiode 25 and electric current hardly flows. 

[0109] Thus, if the reverse bias voltage is impressed on the photodiode 25, it is possible to apply such publicly known 
means that a polarity of the source voltage Vs is reversed at each horizontal scanning period and is reversed on each 
of the source lines 22 which are adjacent to each other in order to intend the improvement of the picture quality by keep- 
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ing flickerless in displaying a picture. That is, in this case, it is preferred to connect the photodiode 25 of each pixel so 
as to be made the reverse bias according to the impressed source voltage Vs, and, as shown in Fig. 9, to connect the 
photodiode 25 so as to be made the reverse bias whichever the source voltage Vs is positive or negative. 
[01 1 0] It is possible to contribute to the improvement of response speed of a display by impressing a negative voltage 

5 on the anode side of the photodiode 25. 

[0111] As shown in Fig. 10, in displaying a picture, if the source voltage Vs is impressed on the anode side of the 
photodiode 25 by providing a transfer switch 51, a display picture can not be affected at all theoretically In this case, 
when a wiring which is connected to the anode side of the photodiode 25 is provided independently on each source line 
22, or the wirings at all anode sides are made common, it is preferred to impress the source voltage Vs selectively in 

10 sequence from the charging voltage output circuit 35 to each source line 22 and, meanwhile, make other source lines 

22 a high impedance state. 

[0112] In each of the above-mentioned Embodiments, it is exemplif ied that the transparent opposite electrode 15 is 
formed on an opposite glass substrate 16. However, unlimited to this, such as schematically shown in Fig. 11, each of 
the above-mentioned Embodiments can be applied likewise to a liquid crystal display device in so-called in-plane 
15 switching system (IPS) wherein the transparent pixel electrode 24 and the transparent opposite electrode 15 are pro- 
vided on the same substrate. In this case, the above-mentioned transparent opposite electrode 15 may be used as the 
wiring at the anode side of the photodiode 25. 

[0113] Since the storage of electric charge between the transparent pixel electrode 24 and the transparent opposite 
electrode 15 or at the photodiode 25 in reading a picture is executed by impressing an equal voltage on all pixels differ- 
20 ently from in displaying the picture ordinarily, electric charge may be stored by outputting the drive pulse to all gate lines 

23 at the same time. 

[01 14] Various charge-storage type photo detectors as well as the photodiode 25 are applicable to a photo detector. 
Moreover an original picture can be read likewise even if a photo sensor except the charge-storage type is used. In this 
case, the step of storing electric charge prior to exposure is not necessary, and a detector for the voltage at both ends 
25 of the photo detector and a detector for electric current which flows in the photo detector can be used as the A/D con- 
verter 36a. 

[01 1 5] The display and read of a picture may be executed at the same time by dividing into a display field and a read 
field as well as may be executed separately by covering the whole screen. That is, as described above, when the back- 
light 18 is composed so as to be kept on or the length during which the backlight 18 is off is determined shortly, the dis- 
30 play and read of the picture can be executed by executing the above-mentioned picture display operation and picture 
read operation in each field. Furthermore, the above-mentioned read field of the picture may be determined before- 
hand, and a field where the putting of an original is detected by the touch panel unit 19 may be made the read field. 

(Variant Example of Embodiment 3) 

35 

[0116] An example of a liquid crystal display device with a function of reading a picture, wherein the crosstalk can be 
reduced since the light from adjacent pixels never enters by irradiating the light of the backlight 1 8 to an original at each 
single pixel or each set of pixels which are not adjacent to each other and reading an original picture, is described as 
Variant Example of the above-mentioned Embodiment 3. 
40 [01 17] This liquid crystal display device is composed similarly to Embodiment 3 and differently, chiefly, in the control 
operation of the control part 71 while reading a picture. The operation while reading the picture is described below by 
referring to the following Table 3B. 



Table 3B 





pixel electrode 
charge 


photodiode charge 


exposure 


readout 


gate voltage Vg 


V L o<Vg 


V DO <Vg<V LO 


Vg<V DO 


V DO <Vg<V uo 


TFT (L) 26 


ON 


OFF 


OFF 


OFF 


TFTp) 27 


(ON) 


ON 


OFF 


ON 


source voltage Vs 


pixel P1 :Vs L max 
pixel P2:Vs L min 


Vsd 
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Table 3B (continued) 





pixel electrode 
charge 


photodiode charge 


exposure 


readout 


liquid crystal layer 1 4 


pixel P1: transmis- 
sion 

pixel P2: shielding 


pixel P1 : transmis- 
sion 

pixel P2: shielding 


pixel P1: transmis- 
sion 

pixel P2: shielding 


pixel P1 : transmission 
pixel P2: shielding 


backlight 18 


arbitrary 


turn off 


turn on 


turn off 



10 



(a) When the gate voltage Vg which satisfies V LO < Vg is output to the gate line 23, the TFT^ 26 is made an ON 
state, and by means of the source voltage Vs = Vs L max (or Vst_max) which is output to the source line 22 at that 

is moment, electric charge is stored or discharged between the transparent pixel electrode 24 and the transparent 
opposite electrode 15, and the liquid crystal layer 14 corresponding to the pixels P1 for reading a picture is made 
a transmission state, while the liquid crystal layer 14 corresponding to other pixels P2 is made a shielding state. 

On the occasion, since the TFT (D) 27 is also made the ON state and electric charge is stored similarly at the 
photodiode 25 by the source voltage Vs = Vs L max , the following step of storing the electric charge only at the pho- 

20 todiode 25 can be omitted in the case of Vs L max = Vs D . 

(b) When the gate voltage Vg which satisfies V DO < Vg < V LO is output to the gate line 23, only the TFT (D) 27 is 
made an ON state, therefore, the storage of a predetermined electric charge at the photodiode 25 corresponding 
to at least the pixels P1 for reading the picture is executed similarly to Embodiment 1 by the voltage Vs^ which is 
different from the above-mentioned source voltage Vs = Vs L max . 

25 The backlight 18 is turned off by at least this point of time. 

(c) When the backlight 18 is turned on for a predetermined time as well as both TFT( L) 26 and TFTpj 27 are made 
an OFF state by outputting the gate voltage Vg which satisfies Vg < V DO to the gate line 23, the light emitted from 
the backlight 18 is irradiated to an original through the liquid crystal layer 14, and the photodiode 25 is exposed to 
the reflected light, and the photodiode 25 has the quantity of stored electric charge according to the density of an 

30 original picture. 

(d) After the backlight 18 is turned off, like the above-mentioned (b), the gate voltage Vg which satisfies V DO < Vg 
< V LO is output to the gate line 23, and only the TFTpj 27 is made an ON state, and read picture data are obtained. 

(e) The read of an original picture at all pixels is executed by repeating the above-mentioned operation of (a)-(d) at 
each of three pixels which are adjacent to the pixel P1 . 

35 

(Embodiment 4) 

10118] An example of a liquid crystal display device, wherein the display and read of a color picture can be executed, 
is described. 

40 [01 1 9] This liquid crystal display device, as shown in Fig. 1 2, comprises a micro color filter 61 with a field for transmit- 
ting the light of red, green or blue corresponding to each transparent pixel electrode 24 between the opposite glass sub- 
strate 16 and the transparent opposite electrode 15. The composition except the micro color filter 61 is similar to the 
above-mentioned liquid crystal display device in monochrome (Embodiment 1 , Embodiment 2, Embodiment 3 and the 
like). 

45 [0120] By means of such composition, the display and read of a color picture are executed by the same operation as 
the above-mentioned liquid crystal display device in monochrome. That is, when each of picture data in red, blue or 
green is input as display picture data, a color picture is displayed by an additive process. Color picture data are read 
since the light of red, blue or green is irradiated to an original through the micro color filter 61 at each transparent pixel 
electrode 24 and the quantity of reflected light according to a component of each color in an original picture is detected. 

so [0121 ] Even in the case of composing such liquid crystal display device in color, like the above-mentioned liquid crys- 
tal display device in monochrome, since the TFT^ 26 and the TFT (D) 27 are controlled by common source line 22 and 
gate line 23, and the gate line exclusive to the TFT (D j 27 are not necessary, effective display area of a picture can be 
enlarged and high visibility can be obtained. 

[0122] As described in Variant Example of Embodiment 1 and Variant Example of Embodiment 2, the crosstalk with 
55 adjacent pixels can be reduced by irradiating the light from the backlight 1 8 at each set of every two or more pixels, at 
each pixel, at each set of pixels for one line, or at each set of pixels in every two or more lines, and reading an original 
picture. 

[0123] In this liquid crystal display device, a pixel (color pixel) of a predetermined color is composed by an additive 
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process of the light which is transmitted through each of three transparent pixel electrodes 24. Then, when the pixel 
density of a pixel (simplex pixel) corresponding to each transparent pixel electrode 24 is equal to the pixel density in a 
liquid crystal display device in monochrome (for example, when the sizes of the transparent pixel electrode 24 are 
equal), the pixel density of the color pixel (the pixel density in substantial display and read) is one-third of the pixel den- 
5 sity in the liquid crystal display device in monochrome. 

(Embodiment 5) 

[01 24] An example of a liquid crystal display device, wherein the pixel density of a color pixel is equal to that of a sim- 
w plex pixel, namely, the pixel density of the color pixel which is equal to the pixel density in a liquid crystal display device 
in monochrome is obtained even if the size of the transparent pixel electrode 24 is equal to the size in the liquid crystal 
display device in monochrome, is described. 

[0125] This liquid crystal display device, as shown in Fig. 1 3, is composed of the backlight 1 8 which comprises mon- 
ochromatic light sources 18a-1 8c for emitting each monochromatic light of red, blue or green. The turning on and off of 
is these monochromatic light sources 1 8a- 1 8c are controlled independently by a control part which is not shown in figures. 
The composition except the backlight 1 8 is similar to the above-mentioned liquid crystal display device in monochrome. 
[0126] The operation while displaying a picture and the operation while reading a picture are described below. 

(1) The operation while displaying a picture 

20 

[0127] The monochromatic light sources 18a- 18c of red, blue and green are turned on selectively in sequence, and 
the same display operation as the above-mentioned picture display device in monochrome is executed while turning on, 
based on each of display picture data of red, blue or green. That is, the components of red, blue and green are dis- 
played in a time division at each simplex pixel, and the display of a color picture is executed by the afterimage effect of 
25 visual sense. Thus, by means of displaying a picture of each color in the time division with the monochromatic light 
sources 18a-l8c, a simplex pixel can function as a color pixel and the pixel density of the color pixel can be equalized 
to the pixel density of the simplex pixel. 

(2) The operation while reading a picture 

30 

[0128] Picture data of the component of each color in an original picture are read by using the monochromatic light 
sources 18a-18c of red, blue and green sequentially and executing the same read operation as the above-mentioned 
liquid crystal display device in monochrome at each of the monochromatic light sources 18a-18c. For further details, 
first, the monochromatic light source 18a of red is used, red light is irradiated to an original through all transparent pixel 

35 electrodes 24, and the quantity of reflected light according to red component in the original picture is detected. Next, 
the monochromatic light source 18b of blue is used, and a picture of blue component is read, and additionally, the mon- 
ochromatic light sources 18c of green is used, and apicture of green component is read. Thus, color picture data are 
read by repeating the above-mentioned read operation three times with the use of the monochromatic light sources 
18a- 18c. Consequently, since the picture of the components of red, blue and green are read at each simplex pixel by 

40 using the monochromatic light sources 1 8a-1 8c sequentially, a color picture can be read at three times the pixel density 
as compared with the case of using the micro color filter. 

[0129] Like the above-mentioned liquid crystal display device in monochrome, since the TFT (L ) 26 and the TFTp) 27 
are controlled by common source line 22 and gate line 23, and the gate line exclusive to the TFTpj 27 are not neces- 
sary, effective display area of a picture can be enlarged and high visibility can be obtained. However, even if the gate 
45 line exclusive to the TFT (D) 27 are provided, the effect of raising the pixel density is obtained likewise. 

(Variant Example of Embodiment 5) 

[0130] An example of a liquid crystal display device with a function of reading a picture, wherein the crosstalk can be 
so reduced since the light from adjacent pixels never enters by irradiating the light of the backlight 1 8 to an original at each 
single pixel or each set of pixels which are not adjacent to each other and reading an original picture, is described as 
Variant Example of the above-mentioned Embodiment 5. 

[0131] This liquid crystal display device is composed similarly to Embodiment 5 and differently, chiefly, in the control 
operation of the control part 71 while reading a picture. 
55 [0132] That is, while reading an original picture, picture data of the component of each color in an original picture are 
read by using the monochromatic light sources 18a- 18c of red, blue and green sequentially and executing the same 
read operation as the above-mentioned liquid crystal display device in monochrome at each of the monochromatic light 
sources 18a-l8c. For further details, first, the monochromatic light source 18a of red is used, red light is irradiated to 
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. an original through the transparent pixel electrodes 24 at each set of pixels which are not adjacent to each other, and 
the quantity of reflected light according to red component in the original picture a detected. Next, the monochromatic 
light source 18b of blue is used, and a picture of blue component is read, and additionally, the monochromatic light 
sources 18c of green is used, and a picture of green component is read. Thus, color picture data are read by repeating 
5 the above-mentioned read operation three times with the use of the monochromatic light sources 18a- 18c. Conse- 
quently, since the picture of the components of red, blue and green are read at each simplex pixel by using the mono- 
chromatic light sources 1 8a-1 8c sequentially a color picture can be read at three times the pixel density as compared 
with the case of using the micro color filter. 

[0133] The crosstalk with adjacent pixels can be reduced certainly and the resolution can be raised by irradiating the 
10 light of each of the monochromatic light sources 1 8a-18c at each set of pixels which are not adjacent to each other and 
reading an original picture, even if the pixel density is high as described above. 

[0134] The read by irradiating the light of red, blue and green sequentially at each set of pixels may be repeated by 
the number of the sets of pixels instead of executing the read at each set of pixels which are not adjacent to each other 
in the light of each color. 

15 

(Embodiment 6) 

[0135] An example of a liquid crystal display device having a micro color filter and high pixel density in reading is 
described. 

20 [0136] This liquid crystal display device, as shown in Fig. 14, comprises the micro color filter 61, wherein a display 
field 61a for executing a display of a color picture by transmitting the light of red. green or blue corresponding to each 
transparent pixel electrode 24 and an illumination field 61b for illuminating an original by transmitting the light of all 
colors are formed, between the opposite glass substrate 16 and the transparent opposite electrode 15. 
[0137] The transparent opposite electrode 15 is divided into an opposite electrode for display 15a and an opposite 

25 electrode for illumination 15b to which a field corresponding to the display field 61a or the illumination field 61b in the 
above-mentioned micro color filter 61 is connected respectively. The above-mentioned opposite electrode for illumina- 
tion 1 5b is connected to the opposite electrode for display 1 5a or is made a high impedance state with a switch 62 con- 
trolled by a control circuit which is not shown in figures. The opposite electrode for illumination 15b need not always be 
connected to the opposite electrode for display 15a and may be kept at a predetermined electric potential. 

30 [0138] Meanwhile, the transparent pixel electrode 24 which is formed on the glass substrate 1 2, as shown in Figs. 15 
and 16, is divided into pixel electrode for display 24a connected to the TFT f g 26 and a pixel electrode for illumination 
24b connected to the source line 22, like the transparent pixel electrode 24 in the above-mentioned liquid crystal display 
device in monochrome. 

[0139] Furthermore, the backlight 18, like the above-mentioned Embodiment 5, is composed of the monochromatic 
35 light sources 18a-l8c for emitting each monochromatic light of red, blue or green. 

[0140] The composition except the backlight 1 8 is similar to the above-mentioned liquid crystal display device in mon- 
ochrome. 

[0141] The operation while displaying a picture and the operation while reading a picture are described below. 

40 (1) The operation while displaying a picture 

[0142] While displaying a picture, the monochromatic light sources 18a-18c of red, blue and green are turned on 
simultaneously and function as a white light source. The opposite electrode for illumination 1 5b is kept in a high imped- 
ance state by opening the switch 62, and electric charge is not stored between the opposite electrode for illumination 

45 15b and the pixel electrode for illumination 24b regardless of electric potential at the pixel electrode for illumination 24b, 
namely, electric potential at the source line 22, and the light from the backlight 18 is controlled so as to be shielded at 
all times. In the case of composing a normally white liquid crystal display device wherein light is made a transmission 
state under no impression of voltage on the liquid crystal layer 14, it is preferred not to make the opposite electrode for 
illumination 15b the high impedance state, but to impress a predetermined voltage the absolute value of which is suffi- 

so ciently high. 

[0143] In this state, the display of a color picture is executed by executing the same operation as in the above-men- 
tioned Embodiment 4. That is, a color picture are displayed with an additive process of the light which is transmitted 
through each of the pixel electrode for display 24a, the liquid crystal layer 1 4 and the display field 61 a in the micro color 
filter 61 by the same action as Embodiment 4, except that the light which enters the pixel electrode for illumination 24b 
55 at pixels is always shielded. 

[0144] In this liquid crystal display device, since the pixel electrode for illumination 24b at pixels is made a shielding 
state, an open area ratio decreases somewhat. However, while the display in a liquid crystal display device of Embodi- 
ment 5 is executed by a time division, each simplex pixel is always made an emitting state according to picture data, 
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therefore, a frame period can be determined at a desirable length without causing flicker. 
(2) The operation while reading a picture 

[0145] The operation, which is different in the following respects as compared with the operation in the above-men^ 
tioned liquid crystal display device in monochrome, is executed as shown in the following Tables 4A-6A while reading a 
picture. However, as regards the illumination of an original, the monochromatic light sources 18a-18c of red, blue and 
been are used sequentially like Embodiment 5. 



Table 4A 





pixel electrode charge 


photodiode charge 


exposure 


readout 


gate voltage Vg 


v L (+) 


V D (— ) 


(0) 


v D (— ) 


TFT (L) 26 


ON 


OFF 


OFF 


OFF 


TFT p) 27 


OFF 


ON 


OFF 


ON 


source voltage Vs 


Vs L min 


Vs D 


Vs L max 




liquid crystal layer 14 










display field 


shielding 




shielding 


shielding 


shielding 


illumination field 








transmission 




backlight 18 


arbitrary 


turn off 


turn on 


turn off 


voltage at opposite elec- 
trode for illumination 






= voltage at opposite elec- 
trode for display 




Table 5A 




photodiode charge 


pixel electrode charge 


exposure 


readout 


gate voltage Vg 


Vd(-) 


V L (+) 


(0) 


v D (-) 


TFT W 26 


OFF 


ON 


OFF 


OFF 


TFT p) 27 


ON 


OFF 


OFF 


ON 


source voltage Vs 


Vs D 


Vs L min 


Vs L max" 




liquid crystal layer 14 










display field 






shielding 


shielding 


shielding 


illumination field 








transmission 




backlight 18 


turn off 


turn off 


turn on 


turn off 


voltage at opposite elec- 
trode for illumination 






- voltage at opposite elec- 
trode for display 
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Table 6A 





pixel electrode charge 


photodiode charge 


exposure 


readout 


gate voltage Vg 


V uo <Vg 


V DO <Vg<V LO 


Vg<VDo 


V DO <Vg<V LO 


TFT(L) 26 


ON 


OFF 


OFF 


OFF 


TFT(D)27 


(ON) 


ON 


OFF 


ON 


source voltage Vs 


Vs L min 


Vs D 


Vs L max 




liquid crystal layer 1 4 










display f ield 


shielding 


shielding 


shielding 
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turn off 
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voltage at opposite 
electrode for illumina- 
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= voltage at opposite 
electrode for display 





[0146] That is, in the step of storing electric charge between the transparent pixel electrode 24 and the transparent 
opposite electrode 15 in the above-mentioned Tables 1 A-3A, the source voltage Vs = Vs L min is output to the source 
line 22, and the electric charge is discharged between the pixel electrode for display 24a and the opposite electrode for 
25 display 15a. and the pixel electrode for display 24a at pixels is made a shielding state. Consequently, such action that 
the display field 61a in the micro color filter 61 transmits only the light of red, blue or green does not affect the read of 
a picture. 

[0147] In the step of exposing the photodiode 25 to reflected light from an original, the opposite electrode for illumi- 
nation 15b is connected to the opposite electrode for display 15a through the switch 62 as well as the source voltage 

30 Vs = Vs L max corresponding to maximal luminance is impressed on the pixel electrode for illumination 24b through the 
source line 22, and the pixel electrode for illumination 24b at pixels is made a transmission state. Then, since the illu- 
mination field 61b in the micro color filter 61 transmits the light of all colors as described above, monochromatic light 
which is emitted from any monochromatic light source 18a- 18c of red, blue or green is irradiated intactly to the original. 
Therefore, like the above-mentioned Embodiment 5. picture data of the component of each color in an original picture 

35 are read by using the monochromatic light sources 1 8a- 1 8c of red, blue and green sequentially and executing the same 
read operation as the above-mentioned liquid crystal display device in monochrome at each of the monochromatic light 
sources 18a- 18c. 

[0148] As described above, while displaying a picture, a color picture are displayed with an additive process of three 
simplex pixels by using the micro color filter, and on the other hand, while reading a picture, an original picture can be 
40 read at three times as high pixel density as in displaying by reading the component of each color with the monochro- 
matic light sources 18a- 18c of red, blue and green at each simplex pixel. 



(Variant Example of Embodiment 6) 

45 [0149] An example of a liquid crystal display device with a function of reading a picture, wherein the crosstalk can be 
reduced since the light from adjacent pixels never enters by irradiating the light of the backlight 18 to an original at each 
single pixel or each set of pixels which are not adjacent to each other and reading an original picture, is described as 
Variant Example of the above-mentioned Embodiment 6. 

[0150] This liquid crystal display device is composed similarly to Embodiment 6 and differently, chiefly in the control 
so operation of the control part 71 while reading a picture, and the operation as shown in the following Tables 4B-6B is exe- 
cuted. 
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Table 46 
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Table 5B 
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Table 6B 
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turn on 


turn off 
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25 {01511 That is, while reading a picture, the monochromatic light sources 18a-18c of red, blue and green are used 
sequentially like Embodiment 6. Electric charge between the pixel electrode for display 24a and the opposite electrode 
for display 15a is discharged by outputting the source voltage Vs = Vs L min to the source line 22, and the pixel elec- 
trode for display 24a at pixels is made a shielding state, and such action that the display field 61 a in the micro color filter 
61 transmits only the light of red, blue or green does not affect the read of a picture. 

30 [0152] Meanwhile, in the step of exposing the photodiode 25 to reflected light from an original, the opposite electrode 
for illumination 15b is connected to the opposite electrode for display 15a through the switch 62 as well as the source 
voltage Vs = Vs L max corresponding to maximal luminance is impressed on the pixel electrode for illumination 24b 
through the source line 22, and the pixel electrode for illumination 24b at each set of pixels which are not adjacent to 
each other is made a transmission state. Then, since the illumination field 61b in the micro color filter 61 transmits the 

35 light of all colors as described above, monochromatic light which is emitted from any monochromatic light source 18a- 
18c of red, blue or green is irradiated intactly to the original. Therefore, like the above-mentioned Embodiment 6, picture 
data of the component of each color in an original picture are read by using the monochromatic light sources 18a-18c 
of red, blue and green sequentially and executing the same read operation as the above-mentioned liquid crystal dis- 
play device in monochrome at each of the monochromatic light sources 18a- 18c. 

40 

INDUSTRIAL APPLICABILITY 

[0153] As described above, according to the present invention, since it is possible to make only a second transistor 
an ON state and to read an original picture, which is detected by a photo detector, with a source fine and a gate line 
45 common to a first transistor which is connected to each pixel electrode without providing the source line and the gate 
line exclusive to the second transistor which is connected to one end of the photo detector, the downsizing of the device 
and the improvement of operationalization and the decrease of manufacturing cost can be intended without causing the 
deterioration of visibility by the decrease of effective display area of a picture. 

[0154] Since it is possible to irradiate a light of a plurality of colors to an original at each pixel and detect a quantity of 
so a reflected light by comprising a plurality of back light sources for emitting a light of a different color from each other, a 
color picture can be read with high pixel density. 

[0155] Such effect that the crosstalk between adjacent pixels can be reduced and the resolution can be improved is 
taken even in the case of high pixel density in reading by making a liquid crystal a transmission state at each single pixel 
or each set of pixels which are not adjacent to each other and irradiating a light of a backlight to an original and reading 
55 an original picture. 

[0156] Furthermore, such effect that the crosstalk between adjacent pixels can be reduced and the resolution can be 
improved, and additionally, high reading rate is intended is taken even in the case of high pixel density in reading by 
making the liquid crystal the transmission state and irradiating the light of the backlight to the original and reading the 
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original picture as well as holding electric charge at the photo detector at each single pixel or each set of pixels which 
are not adjacent to each other. 

[0157] Accordingly, by means of applying to such display devices as personal computers, particularly notebook type 
personal computers, the downsizing of the device and the improvement of operational ization can be intended without 
causing the deterioration of visibility, and high pixel density in reading can be obtained, and additionally, the decrease 
of manufacturing cost and electric power consumption can be intended. 

Claims 

1 . A liquid crystal display device with a function of reading a picture comprising: 

a plurality of source lines for transferring a picture signal; 

a plurality of gate lines for transferring a scanning signal which are provided in a crossing direction with said 
source lines; 

a pixel electrode which is provided corresponding to each crossing section of the source lines and the gate 
lines; 

a first transistor which is connected to the source lines and the gate lines as well as each of the pixel elec- 
trodes; 

an opposite electrode which is provided opposite to the pixel electrode; 

a liquid crystal which is provided between the pixel electrode and the opposite electrode; and 

a photo detector for detecting a quantity of a reflected light from an original which is provided corresponding to 

each of the pixel electrodes; 

further comprising: 

a second transistor which is connected to said source lines and said gate lines as well as one end of the photo 
detector; and 

the other end line which is connected to the other end of the photo detector; 
said liquid crystal display device with a function of reading a picture 
wherein: 

a threshold value of a gate voltage in said first transistor and a threshold value of a gate voltage in said second 
transistor are determined so that at least only the second transistor can be made an ON state 

2. A liquid crystal display device with a function of reading a picture according to Claim 1 , wherein: 

the threshold value of the gate voltage in said first transistor and the threshold value of the gate voltage in said 
second transistor are determined so that only the first transistor also can be made an ON state. 

3. A liquid crystal display device with a function of reading a picture according to Claim 2, wherein: 

said first transistor and said second transistor are transistors with a reversed polarity of n-channel or p-channel 
to each other. 

4. A liquid crystal display device with a function of reading a picture according to Claim 3, wherein: 

said first transistor is a transistor with n-channel while said second transistor is a transistor with p-channel. 

5. A liquid crystal display device with a function of reading a picture according to Claim 1 , wherein: 

said photo detector detects the quantity of the reflected light from the original by a discharge of an electric 
charge held beforehand due to the reflected light from the original; 

the threshold value of the gate voltage in said first transistor and the threshold value of the gate voltage in said 
second transistor are determined so that both the first transistor and the second transistor can be made an ON 
state simultaneously as well; and 

said liquid crystal is made a transmission state under an action of an electric field. 

6. A liquid crystal display device with a function of reading a picture according to Claim 5, wherein: 

said first transistor and said second transistor are transistors with the same polarity of n-channel or p-channel 
as each other; and 
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a threshold absolute value of the gate voltage in the second transistor is determined lower than that of the gate 
voltage in the first transistor 

7. A liquid crystal display device with a function of reading a picture according to Claim 5, wherein: 

5 

a dielectric constant anisotropy of said liquid crystal is negative; and 

a pair of polarizers with a different polarized direction from each other are provided on both sides of said liquid 
crystal. 

io 8. A liquid crystal display device with a function of reading a picture according to Claim 5, wherein: 
a dielectric constant anisotropy of said liquid crystal is positive; and 

a pair of polarizers with the same polarized direction as each other are provided on both sides of said liquid 
crystal. 

15 

9. A liquid crystal display device with a function of reading a picture according to Claim 5, comprising: 

a photodiode as said photo detector; 
wherein: 

20 said photodiode is connected so that a reverse bias voltage can be impressed from the source line through the 

second transistor in displaying the picture. 

10. A liquid crystal display device with a function of reading a picture according to Claim 5, wherein: 

25 a voltage which is equal to the source line is impressed on the other end line which is connected to the other 

end of said photo detector in displaying the picture. 

11 . A liquid crystal display device with a function of reading a picture according to any one of Claims 1 to 10, wherein: 

30 a light shielding electrode which is formed on the same substrate as said photo detector is the other end line 

which is connected to the other end of the photo detector. 

12. A liquid crystal display device with a function of reading a picture according to any one of Claims 1 to 10. compris- 
ing: 

35 

such in-plane switching system that the pixel electrode and the opposite electrode are formed on the same 

substrate; 

wherein: 

said opposite electrode is the other end line which is connected to the other end of the photo detector. 

40 

13. A liquid crystal display device with a function of reading a picture according to any one of Claims 1 to 12, wherein: 

a touch sensor for detecting a setting state of the original is further provided on a surface side of the liquid crys- 
tal. 

45 

1 4. A method of reading a picture by using a liquid crystal display device with a function of reading a picture comprising: 

a plurality of source lines for transferring a picture signal; 

a plurality of gate lines for transferring a scanning signal which are provided in a crossing direction with said 
so source lines; 

a pixel electrode which is provided corresponding to each crossing section of the source lines and the gate 
lines; 

a first transistor which is connected to the source lines and the gate lines as well as each of the pixel elec- 
trodes; 

ss an opposite electrode which is provided opposite to the pixel electrode; 

a liquid crystal which is provided between the pixel electrode and the opposite electrode; 

a photo detector which is provided corresponding to each of the pixel electrodes for detecting a quantity of a 

reflected light from an original by a discharge of an electric charge held beforehand due to the reflected light 
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from the original; 

a second transistor which is connected to said source lines and said gate lines as well as one end of the photo 
detector; and 

the other end line which is connected to the other end of the photo detector; 
said liquid crystal display device with a function of reading a picture wherein: 

a threshold value of a gate voltage in said first transistor and a threshold value of a gate voltage in said second 
transistor are determined so that at least only the second transistor can be made an ON state; 
said method comprising the steps of: 

impressing a first predetermined voltage on the source line and making the liquid crystal a transmission state 
by making at least the first transistor the ON state; 

impressing a second predetermined voltage on the source line and holding a predetermined electric charge at 
the photo detector by making at least the second transistor the ON state; 
exposing the photo detector to the reflected light from the original; and 

detecting a light exposure of the photo detector through the source line by making only the second transistor 
the ON state after exposing said photo detector. 

1 5. A method of reading a picture by using a liquid crystal display device with a function of reading a picture comprising: 

a plurality of source lines for transferring a picture signal; 

a plurality of gate lines for transferring a scanning signal which are provided in a crossing direction with said 
source lines; 

a pixel electrode which is provided corresponding to each crossing section of the source lines and the gate 
lines; 

a first transistor which is connected to the source lines and the gate lines as well as each of the pixel elec- 
trodes; 

an opposite electrode which is provided opposite to the pixel electrode; 

a liquid crystal which is provided between the pixel electrode and the opposite electrode; 

a photo detector which is provided corresponding to each of the pixel electrodes for detecting a quantity of a 

reflected light from an original by a discharge of an electric charge held beforehand due to the reflected light 

from the original; 

a second transistor which is connected to said source lines and said gate lines as well as one end of the photo 
detector; and 

the other end line which is connected to the other end of the photo detector; 
said liquid crystal display device with a function of reading a picture wherein: 

a threshold value of a gate voltage in said first transistor and a threshold value of a gate voltage in said second 
transistor are determined so that at least only the second transistor can be made an ON state; 
the threshold value of the gate voltage in said first transistor and the threshold value of the gate voltage in said 
second transistor are determined so that both the first transistor and the second transistor can be made the ON 
state simultaneously as well; and 

said liquid crystal is made a transmission state under an action of an electric field; 
said method wherein: 

said first voltage and said second voltage are equal to each other; and 

the step of making the liquid crystal the transmission state and the step of holding a predetermined electric 
charge at the photo detector are executed simultaneously. 

16. A method of manufacturing a liquid crystal display device with a function of reading a picture comprising: 

a plurality of source lines for transferring a picture signal; 

a plurality of gate lines for transferring a scanning signal which are provided in a crossing direction with said 
source lines; 

a pixel electrode which is provided corresponding to each crossing section of the source lines and the gate 
lines; 

a first transistor which is connected to the source lines and the gate lines as well as each of the pixel elec- 
trodes; 

an opposite electrode which is provided opposite to the pixel electrode; 

a liquid crystal which is provided between the pixel electrode and the opposite electrode; 

a photo detector for detecting a quantity of a reflected light from an original which is provided corresponding to 

each of the pixel electrodes; 
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a second transistor which is connected to said source lines and said gate fines as well as one end of the photo 
detector; and 

the other end line which is connected to the other end of the photo detector; 
said liquid crystal display device with a function of reading a picture wherein: 

a threshold value of a gate voltage in said first transistor and a threshold value of a gate voltage in said second 
transistor are determined so that at least only the second transistor can be made an ON state; 
said method wherein: 

the other end line which is connected to the other end of said photo detector is formed in a process of forming 
a gate electrode of at least one of the first transistor and the second transistor. 

17. A liquid crystal display device with a function of reading a picture according to Claim 1, further comprising: 

a color filter in which a field for transmitting a light of each predetermined color is formed corresponding to said 

pixel electrode; 

wherein: 

in displaying the picture, a color picture is displayed with an additive process of a light which is transmitted 
through the field of each color in said color filter; and 

in reading the picture, the color picture is read by irradiating a light to the original through the field of each color 
in said color filter and detecting the quantity of the reflected light. 

18. A liquid crystal display device with a function of reading a picture according to Claim 1, further comprising: 

a plurality of back light sources for emitting a light of a different color from each other; 
wherein: 

in displaying the picture, a color picture is displayed by lighting each of said back light sources selectively in 
sequence and displaying the picture of each color in a time division; and 

in reading the picture, the color picture is read by lighting each of said back light sources selectively in 
sequence and irradiating a light of each color to the original and detecting the quantity of the reflected light of 
each color from the original. 

19. A liquid crystal display device with a function of reading a picture according to Claim 1, further comprising: 

a color filter in which a display field for transmitting a light of each predetermined color and an illumination field 
for transmitting a light of all colors are formed corresponding to each pixel; and 

a plurality of back light sources for emitting a light of a different color from each other and a light of a white color 

when they are lit simultaneously; 

wherein: 

in displaying the picture, a color picture is displayed with an additive process of a light which is transmitted 
through the display field of each color in said color filter by lighting all of said back light sources as well as mak- 
ing the liquid crystal corresponding to the illumination field in said color filter a shielding state and meanwhile 
making the liquid crystal corresponding to the display field a transmission state according to the picture signal; 
and 

in reading an original picture, the color picture is read by lighting each of said back light sources selectively in 
sequence and irradiating a light of each color to the original through the illumination field in said color filter and 
detecting the quantity of the reflected light of each color from the original as well as making the liquid crystal 
corresponding to the display field in said color filter the shielding state and meanwhile making the liquid crystal 
corresponding to the illumination field the transmission state. 

20. A liquid crystal display device with a function of reading a picture comprising: 

a pixel electrode; 

an opposite electrode which is provided opposite to the pixel electrode; 

a liquid crystal which is provided between the pixel electrode and the opposite electrode; and 

a photo detector for detecting a quantity of a reflected light from an original which is provided corresponding to 

each of the pixel electrodes; 

further comprising: 

a plurality of back light sources for emitting a light of a different color from each other; 
said liquid crystal display device with a function of reading a picture wherein: 
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in displaying the picture, a color picture is displayed by lighting each of said back light sources selectively in 
sequence and displaying the picture of each color in a time division; and 

in reading the picture, the color picture is read by lighting each of said back light sources selectively in 
sequence and irradiating a light of each color to the original and detecting the quantity of the reflected light of 
each color from the original. 

21 . A liquid crystal display device with a function of reading a picture comprising: 

a pixel electrode; 

an opposite electrode which is provided opposite to the pixel electrode; 

a liquid crystal which is provided between the pixel electrode and the opposite electrode; and 

a photo detector for detecting a quantity of a reflected light from an original which is provided corresponding to 

each of the pixel electrodes; 

further comprising: 

a color filter in which a display field for transmitting a light of each predetermined color and an illumination field 
for transmitting a light of all colors are formed corresponding to each pixel; and 

a plurality of back light sources for emitting a light of a different color from each other and a light of a white color 
when they are lit simultaneously; 

said liquid crystal display device with a function of reading a picture wherein: 

in displaying the picture, a color picture is displayed with an additive process of a light which is transmitted 
through the display field of each color in said color filter by lighting all of said back light sources as well as mak- 
ing the liquid crystal corresponding to the illumination field in said color filter a shielding state and meanwhile 
making the liquid crystal corresponding to the display field a transmission state according to a picture signal; 
and 

in reading an original picture, the color picture is read by lighting each of said back light sources selectively in 
sequence and irradiating a light of each color to the original through the illumination field in said color filter and 
detecting the quantity of the reflected light of each color from the original as well as making the liquid crystal 
corresponding to the display field in said color filter the shielding state and meanwhile making the liquid crystal 
corresponding to the illumination field the transmission state. 

22. A liquid crystal display device with a function of reading a picture comprising: 

a pixel electrode; 

an opposite electrode which is provided opposite to the pixel electrode; 

a liquid crystal which is provided between the pixel electrode and the opposite electrode; and 

a photo detector for detecting a quantity of a reflected light from an original which is provided corresponding to 

each of the pixel electrodes; 

further comprising: 

a pixel electrode for illumination which is provided corresponding to said pixel electrode; 

an opposite electrode for illumination which is provided opposite to said pixel electrode for illumination; 

a color filter in which a display field for transmitting a light of each predetermined color is formed corresponding 

to said pixel electrode and an illumination field for transmitting a light of all colors is formed corresponding to 

said pixel electrode for illumination; and 

a plurality of back light sources for emitting a light of a different color from each other and a light of a white color 
when they are lit simultaneously; 

said liquid crystal display device with a function of reading a picture wherein: 

in displaying the picture, a color picture is displayed with an additive process of a light which is transmitted 
through each of said pixel electrodes and the display field of each color in said color filter by lighting all of said 
back light sources as well as determining a voltage between said pixel electrode for illumination and said oppo- 
site electrode for illumination at a predetermined voltage and making a light which enters said pixel electrode 
for illumination a shielding state; and 

in reading an original picture, the color picture is read by lighting each of said back light sources selectively in 
sequence and irradiating a light of each color to the original through said pixel electrode for illumination and the 
illumination field in said color filter and detecting the quantity of the reflected light of each color from the original 
as well as determining a voltage between said pixel electrode and said opposite electrode at a predetermined 
voltage and making a light which enters said pixel electrode the shielding state and meanwhile determining a 
voltage between said pixel electrode for illumination and said opposite electrode for illumination at a predeter- 
mined voltage and making a light which enters said pixel electrode for illumination a transmission state. 
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23. A liquid crystal display device with a function of reading a picture according to Claim 22, further comprising: 
a plurality of source lines for transferring a picture signal; 

a plurality of gate lines for transferring a scanning signal which are provided in a crossing direction with said 
5 source lines; 

a transistor -for connecting or disconnecting said source lines and said pixel electrode according to the scan- 
ning signal transferred from said gate lines, which is connected to said source lines and said gate lines as well 
as said pixel electrode at each of the pixel electrodes; and 

a switching method of connecting or disconnecting said opposite electrode and said opposite electrode for illu- 
10 mi nation; 

said liquid crystal display device with a function of reading a picture wherein: 
said pixel electrode for illumination is connected to said source lines; and 

said liquid crystal is made the transmission state under an impression of a predetermined voltage. 
is 24. A method of reading a picture by using a liquid crystal display device with a function of reading a picture comprising; 
a pixel electrode; 

an opposite electrode which is provided opposite to the pixel electrode; 
a liquid crystal which is provided between the pixel electrode and the opposite electrode; 
20 a photo detector for detecting a quantity of a reflected light from an original which is provided corresponding to 

each of the pixel electrodes; and 

a plurality of back light sources for emitting a light of a different color from each other; 
said method comprising the steps of: 

displaying a color picture by lighting each of said back light sources selectively in sequence and displaying the 
25 picture of each color in a time division in displaying the picture; and 

reading the color picture by lighting each of said back light sources selectively in sequence and irradiating a 
light of each color to the original and detecting the quantity of the reflected light of each color from the original 
in reading the picture. 

30 25. A method of reading a picture by using a liquid crystal display device with a function of reading a picture comprising: 
a pixel electrode; 

an opposite electrode which is provided opposite to the pixel electrode; 
a liquid crystal which is provided between the pixel electrode and the opposite electrode; 
35 a photo detector for detecting a quantity of a reflected light from an original which is provided corresponding to 

each of the pixel electrodes; 

a color filter in which a display field for transmitting a fight of each predetermined color and an illumination field 
for transmitting a light of all colors are formed corresponding to each pixel; and 

a plurality of back light sources for emitting a light of a different color from each other and a light of a white color 
40 when they are lit simultaneously; 

said method comprising the steps of: 

displaying a color picture with an additive process of a light which is transmitted through the display field of 
each color in said color f ilter by lighting alt of said back light sources as well as making the liquid crystal corre- 
sponding to the illumination field in said color filter a shielding state and meanwhile making the liquid crystal 
45 corresponding to the display field a transmission state according to a picture signal in displaying the picture; 

and 

reading the color picture by lighting each of said back light sources selectively in sequence and irradiating a 
light of each color to the original through the illumination field in said color filter and detecting the quantity of 
the reflected light of each color from the original as well as making the liquid crystal corresponding to the dis- 
so play field in said color filter the shielding state and meanwhile making the liquid crystal corresponding to the 

illumination field the transmission state in reading an original picture. 

26. A method of reading a picture by using a liquid crystal display device with a function of reading a picture comprising: 

55 a pixel electrode; 

an opposite electrode which is provided opposite to the pixel electrode; 

a liquid crystal which is provided between the pixel electrode and the opposite electrode; 

a photo detector for detecting a quantity of a reflected light from an original which is provided corresponding to 
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each of the pixel electrodes; 

a pixel electrode for Illumination which is provided corresponding to said pixel electrode; 

an opposite electrode for illumination which is provided opposite to said pixel electrode for illumination; 

a color filter in which a display field for transmitting a light of each predetermined color is formed corresponding 

to said pixel electrode and an illumination field for transmitting a light of all colors is formed corresponding to 

said pixel electrode for illumination; and 

a plurality of back light sources for emitting a light of a different color from each other and a light of a white color 
when they are lit simultaneously; 
said method comprising the steps of: 

displaying a color picture with an additive process of a light which is transmitted through each of said pixel elec- 
trodes and the display field of each color in said color filter by lighting all of said back light sources as well as 
determining a voltage between said pixel electrode for illumination and said opposite electrode for illumination 
at a predetermined voltage and making a light which enters said pixel electrode for illumination a shielding 
state in displaying the picture; and 

reading the color picture by lighting each of said back light sources selectively in sequence and irradiating a 
light of each color to the original through said pixel electrode for illumination and the illumination field in said 
color filter and detecting the quantity of the reflected light of each color from the original as well as determining 
a voltage between said pixel electrode and said opposite electrode at a predetermined voltage and making a 
light which enters said pixel electrode the shielding state and meanwhile determining a voltage between said 
pixel electrode for illumination and said opposite electrode for illumination at a predetermined voltage and mak- 
ing a light which enters said pixel electrode for illumination the transmission state in reading an original picture. 

27. A liquid crystal display device with a function of reading a picture comprising: 

a plurality of source lines for transferring a picture signal; 

a plurality of gate lines for transferring a scanning signal which are provided in a crossing direction with said 
source lines; 

a pixel electrode which is provided corresponding to each crossing section of the source lines and the gate 
lines; 

a first transistor which is connected to the source lines and the gate lines as well as each of the pixel elec- 
trodes; 

an opposite electrode which is provided opposite to the pixel electrode; 

a liquid crystal which is provided between the pixel electrode and the opposite electrode; and 

a photo detector for detecting a quantity of a reflected light from an original which is provided corresponding to 

each of the pixel electrodes; 

further comprising: 

a second transistor which is connected to said source lines and said gate lines as well as one end of the photo 
detector; 

the other end line which is connected to the other end of the photo detector; and 
a back light source for emitting a light for displaying and for illuminating the original; 
said liquid crystal display device with a function of reading a picture wherein: 

in reading the picture, an original picture is read by making said liquid crystal a transmission state at each sin- 
gle pixel or each set of pixels which are not adjacent to each other and irradiating a light of said back light 
source to the original and detecting the quantity of the reflected light from the original with said photo detector. 

28. A liquid crystal display device with a function of reading a picture according to Claim 27, wherein: 

said set of pixels which are not adjacent to each other is a set of every two or more pixels. 

29. A liquid crystal display device with a function of reading a picture according to Claim 27, wherein: 

said set of pixels which are not adjacent to each other is a set of pixels which are adjacent to each other in a 
predetermined direction and are every two or more pixels in a direction vertical to said predetermined direction. 

30. A liquid crystal display device with a function of reading a picture according to Claim 27, further comprising: 

a color filter in which a field for transmitting a light of each predetermined color is formed corresponding to said 
pixel electrode; 
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wherein: 

in displaying the picture, a color picture is displayed with an additive process of a light which is transmitted 
through the field of each color in said color filter; and 

in reading the picture, the color picture is read by irradiating a light to the original through the field of each color 
in said color fitter and detecting the quantity of the reflected light. 

31. A liquid crystal display device with a function of reading a picture comprising: 

a pixel electrode; 

an opposite electrode which is provided opposite to the pixel electrode; 

a liquid crystal which is provided between the pixel electrode and the opposite electrode; and 

a photo detector for detecting a quantity of a reflected light from an original which is provided corresponding to 

each of the pixel electrodes; 

further comprising: 

a plurality of back light sources including light sources for emitting a light of a different color from each other; 
said liquid crystal display device with a function of reading a picture wherein: 

in displaying the picture, a color picture is displayed by lighting each of said back light sources selectively in 
sequence and displaying the picture of each color in a time division; and 

in reading the picture, the color picture is read by lighting each of said back: light sources selectively in 
sequence and irradiating a light of each color to the original at each single pixel or each set of pixels which are 
not adjacent to each other and detecting the quantity of the reflected light of each color from the original. 

32. A liquid crystal display device with a function of reading a picture comprising: 

a pixel electrode; 

an opposite electrode which is provided opposite to the pixel electrode; 

a liquid crystal which is provided between the pixel electrode and the opposite electrode; and 

a photo detector for detecting a quantity of a reflected light from an original which is provided corresponding to 

each of the pixel electrodes; 

further comprising: 

a color filter in which a display field for transmitting a light of each predetermined color and a illumination field 
for transmitting a light of all colors are formed corresponding to each pixel; and 

a plurality of back: light sources including light sources for emitting a light of a different color from each other 

and a light of a white color when they are EH simultaneously; 

said liquid crystal display device with a function of reading a picture wherein: 

in displaying the picture, a color picture is displayed with an additive process of a light which is transmitted 
through the display field of each color in said color filter by lighting al! of said back light sources as well as mak- 
ing the liquid crystal corresponding to the illumination field in said color fitter a shielding state and meanwhile 
making the liquid crystal corresponding to the display field a transmission state according to a picture signal; 
and 

in reading an original picture, the color picture is read by lighting each of said back light sources selectively in 
sequence and irradiating a light of each color to the original through the illumination field in said color filter and 
detecting the quantity of the reflected light of each color from the original as well as making the liquid crystal 
corresponding to the display field in said color filter the shielding state as regards all pixels and meanwhile 
making the liquid crystal corresponding to the illumination field the transmission state at each single pixel or 
each set of pixels which are not adjacent to each other. 

33. A method of reading a picture by using a liquid crystal display device with a function of reading a picture comprising: 

a plurality of source lines for transferring a picture signal; 

a plurality of gate lines for transferring a scanning signal which are provided in a crossing direction with said 
source lines; 

a pixel electrode which is provided corresponding to each crossing section of the source lines and the gate 
lines; 

a first transistor which is connected to the source lines and the gate lines as well as each of the pixel elec- 
trodes; 

an opposite electrode which is provided opposite to the pixel electrode; 

a liquid crystal which is provided between the pixel electrode and the opposite electrode; 
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a photo detector for detecting a quantity of a reflected light from an original which is provided corresponding to 
each of the pixel electrodes; 

a second transistor which is connected to said source lines and said gate lines as well as one end of the photo 
detector; 

the other end line which is connected to the other end of the photo detector; and 
a back light source for emitting a light for displaying and for illuminating the original; 
said method comprising: 

a repetition of the step of reading an original picture by making said liquid crystal a transmission state at each 
single pixel or each set of pixels which are not adjacent to each other and irradiating a light of said back light 
source to the original and detecting the quantity of the reflected light from the original with said photo detector 
in reading the picture. 

34. A method of reading a picture according to Claim 33, wherein: 

said set of pixels which are not adjacent to each other is a set of every two or more pixels. 

35. A method of reading a picture according to Claim 33, wherein: 

said set of pixels which are not adjacent to each other is a set of pixels which are adjacent to each other in a 
predetermined direction and are every two or more pixels in a direction vertical to said predetermined direction. 

36. A method of reading a picture according to Claim 33, wherein: 

said liquid crystal display device with a function of reading a picture further comprises a color filter in which a 
field for transmitting a light of each predetermined color is formed corresponding to said pixel electrode; 
said method comprising the step of: 

displaying a color picture with an additive process of a light which is transmitted through the field of each color 
in said color filter; 
said method wherein: 

the step of reading said original picture is the step of reading the color picture by irradiating a light to the orig- 
inal through the field of each color in said color filter and detecting the quantity of the reflected light. 

37. A method of reading a picture by using a liquid crystal display device with a function of reading a picture comprising: 

a pixel electrode; 

an opposite electrode which is provided opposite to the pixel electrode; 

a liquid crystal which is provided between the pixel electrode and the opposite electrode; 

a photo detector for detecting a quantity of a reflected light from an original which is provided corresponding to 

each of the pixel electrodes; and 

a plurality of back light sources including light sources for emitting a light of a different color from each other; 
said method comprising the steps of: 

displaying a color picture by lighting each of said back light sources selectively in sequence and displaying the 
picture of each color in a time division in displaying the picture; and 

reading the color picture by lighting each of said back light sources selectively in sequence and irradiating a 
light of each color to the original at each single pixel or each set of pixels which are not adjacent to each other 
and detecting the quantity of the reflected light of each color from the original in reading the picture. 

38. A method of reading a picture by using a liquid crystal display device with a function of reading a picture comprising: 

a pixel electrode; 

an opposite electrode which is provided opposite to the pixel electrode; 

a liquid crystal which is provided between the pixel electrode and the opposite electrode; 

a photo detector for detecting a quantity of a reflected light from an original which is provided corresponding to 

each of the pixel electrodes; 

a color filter in which a display field for transmitting a light of each predetermined color and a illumination field 
for transmitting a light of all colors are formed corresponding to each pixel; and 

a plurality of back light sources including light sources for emitting a light of a different color from each other 
and a light of a white color when they are lit simultaneously; 
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said method comprising the steps of: 

displaying a color picture with an additive process of a fight which is transmitted through the display field of 
each color in said color filter by lighting all of said back light sources as well as making the liquid crystal corre- 
sponding to the illumination field in said color filter a shielding state and meanwhile making the liquid crystal 

5 corresponding to the display field a transmission state according to a picture signal; and 

reading the color picture by lighting each of said back light sources selectively in sequence and irradiating a 
light of each color to the original through the illumination field in said color filter and detecting the quantity of 
the reflected light of each color from the original as well as making the liquid crystal corresponding to the dis- 
play field in said color filter the shielding state as regards all pixels and meanwhile making the liquid crystal cor- 

w responding to the illumination field the transmission state at each single pixel or each set of pixels which are 

not adjacent to each other. 

39. A liquid crystal display device with a function of reading a picture comprising: 

is a plurality of source lines for transferring a picture signal; 

a plurality of gate lines for transferring a scanning signal which are provided in a crossing direction with said 
source lines; 

a pixel electrode which is provided corresponding to each crossing section of the source lines and the gate 
lines; 

20 a first transistor which is connected to the source lines and the gate lines as well as each of the pixel elec- 

trodes; 

an opposite electrode which is provided opposite to the pixel electrode; 
a liquid crystal which is provided between the pixel electrode and the opposite electrode; and 
a photo detector which is provided corresponding to each of the pixel electrodes for detecting a quantity of a 
2s reflected light from an original by a discharge of an electric charge held beforehand due to the reflected light 

from the original; 
further comprising: 

a second transistor which is connected to said source lines and said gate lines as well as one end of the photo 
detector; 

30 the other end line which is connected to the other end of the photo detector; and 

a back light source for emitting a light for displaying and for illuminating the original; 
said liquid crystal display device with a function of reading a picture wherein: 

in reading the picture, an original picture is read by making said liquid crystal a transmission state and irradiat- 
ing a light of said back light source to the original and detecting the quantity of the reflected light from the orig- 
35 inal with said photo detector as well as holding an electric charge at said photo detector at each single pixel or 

each set of pixels which are not adjacent to each other. 

40. A liquid crystal display device with a function of reading a picture according to Claim 39, wherein: 
40 said set of pixels which are not adjacent to each other is a set of every two or more pixels. 

41. A liquid crystal display device with a function of reading a picture according to Claim 39, wherein: 

said set of pixels which are not adjacent to each other is a set of pixels which are adjacent to each other in a 
45 predetermined direction and are every two or more pixels in a direction vertical to said predetermined direction. 

42. A liquid crystal display device with a function of reading a picture according to Claim 39, further comprising: 

a color filter in which a field for transmitting a light of each predetermined color is formed corresponding to said 
so pixel electrode; 

wherein: 

in displaying the picture, a color picture is displayed with an additive process of a light which is transmitted 
through the field of each color in said color filter; and 

in reading the picture, the color picture is read by irradiating a light to the original through the field of each color 
55 in said color filter and detecting the quantity of the reflected light. 

43. A liquid crystal display device with a function of reading a picture comprising: 
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a pixel electrode; 

an opposite electrode which is provided opposite to the pixel electrode; 

a liquid crystal which is provided between the pixel electrode and the opposite electrode; and 

a photo detector which is provided corresponding to each of the pixel electrodes for detecting a quantity of a 

reflected light from an original by a discharge of an electric charge held beforehand due to the reflected light 

from the original; 

further comprising: 

a plurality of back light sources including light sources for emitting a light of a different color from each other; 
said liquid crystal display device with a function of reading a picture wherein: 

in displaying the picture, a color picture is displayed by lighting each of said back light sources selectively in 
sequence and displaying the picture of each color in a time division; and 

in reading the picture, the color picture is read by lighting each of said back light sources selectively in 
sequence and irradiating a light of each color to the original and detecting the quantity of the reflected light of 
each color from the original as well as holding an electric charge at said photo detector at each single pixel or 
each set of pixels which are not adjacent to each other. 

44. A liquid crystal display device with a function of reading a picture comprising: 

a pixel electrode; 

an opposite electrode which is provided opposite to the pixel electrode; 

a liquid crystal which is provided between the pixel electrode and the opposite electrode; and 

a photo detector which is provided corresponding to each of the pixel electrodes for detecting a quantity of a 

reflected light from an original by a discharge of an electric charge held beforehand due to the reflected light 

from the original; further comprising: 

a color filter in which a display field for transmitting a light of each predetermined color and a illumination field 
for transmitting a light of all colors are formed corresponding to each pixel; and 

a plurality of back light sources including light sources for emitting a light of a different color from each other 

and a light of a white color when they are lit simultaneously; 

said liquid crystal display device with a function of reading a picture wherein: 

in displaying the pictured a color picture is displayed with an additive process of a light which is transmitted 
through the display field of each color in said color filter by lighting all of said back light sources as well as mak- 
ing the liquid crystal corresponding to the illumination field in said color filter a shielding state and meanwhile 
making the liquid crystal corresponding to the display field a transmission state according to a picture signal; 
and 

in reading an original picture, the color picture is read by lighting each of said back light sources selectively in 
sequence and irradiating a light of each color to the original through the illumination field in said color filter and 
detecting the quantity of the reflected light of each color from the original as well as making the liquid crystal 
corresponding to the display field in said color filter the shielding state as regards all pixels and meanwhile 
holding an electric charge at said photo detector at each single pixel or each set of pixels which are not adja- 
cent to each other and making the liquid crystal corresponding to the illumination field the transmission state. 

45, A method of reading a picture by using a liquid crystal display device with a function of reading a picture comprising: 

a plurality of source lines for transferring a picture signal; 

a plurality of gate fines for transferring a scanning signal which are provided in a crossing direction with said 
source lines; 

a pixel electrode which is provided corresponding to each crossing section of the source lines and the gate 
lines; 

a first transistor which is connected to the source lines and the gate lines as well as each of the pixel elec- 
trodes; 

an opposite electrode which is provided opposite to the pixel electrode; 

a liquid crystal which is provided between the pixel electrode and the opposite electrode; 

a photo detector which is provided corresponding to each of the pixel electrodes for detecting a quantity of a 

reflected light from an original by a discharge of an electric charge held beforehand due to the reflected light 

from the original; 

a second transistor which is connected to said source lines and said gate lines as well as one end of the photo 
detector; 

the other end line which is connected to the other end of the photo detector; and 
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a back light source for emitting a light for displaying and for illuminating the original; 
said method comprising: 

a repetition of the step of reading an original picture by making said liquid crystal a transmission state and irra- 
diating a light of said back light source to the original and detecting the quantity of the reflected light from the 
original with said photo detector as well as holding an electric charge at said photo detector at each single pixel 
or each set of pixels which are not adjacent to each other in reading the picture. 

46. A method of reading a picture according to Claim 45, wherein: 

said set of pixels which are not adjacent to each other is a set of every two or more pixels. 

47. A method of reading a picture according to Claim 45, wherein: 

said set of pixels which are not adjacent to each other is a set of pixels which are adjacent to each other in a 
predetermined direction and are every two or more pixels in a direction vertical to said predetermined direction. 

48. A method of reading a picture according to Claim 45, wherein: 

said liquid crystal display device with a function of reading a picture further comprises a color filter in which a 
field for transmitting a light of each predetermined color is formed corresponding to said pixel electrode; 
said method comprising the step of: 

displaying a color picture with an additive process of a light which is transmitted through the field of each color 
in said color filter; 
sad method wherein: 

the step of reading said original picture is the step of reading the color picture by irradiating a light to the orig- 
inal through the field of each color in said color filter and detecting the quantity of the reflected light. 

49. A method of reading a picture by using a liquid crystal display device with a function of reading a picture comprising: 

a pixel electrode; 

an opposite electrode which is provided opposite to the pixel electrode; 

a liquid crystal which is provided between the pixel electrode and the opposite electrode; 

a photo detector which is provided corresponding to each of the pixel electrodes for detecting a quantity of a 

reflected light from an original by a discharge of an electric charge held beforehand due to the reflected light 

from the original; and 

a plurality of back light sources including light sources for emitting a light of a different color from each other; 
said method comprising the steps of: 

displaying a color picture by lighting each of said back light sources selectively in sequence and displaying the 
picture of each color in a time division in displaying the picture; and 

reading the color picture by lighting each of said back light sources selectively in sequence and irradiating a 
light of each color to the original and detecting the quantity of the reflected light of each color from the original 
as well as holding an electric charge at said photo detector at each single pixel or each set of pixels which are 
not adjacent to each other in reading the picture. 

50. A method of reading a picture by using a liquid crystal display device with a function of reading a picture comprising: 

a pixel electrode; 

an opposite electrode which is provided opposite to the pixel electrode; 

a liquid crystal which is provided between the pixel electrode and the opposite electrode; 

a photo detector which is provided corresponding to each of the pixel electrodes for detecting a quantity of a 

reflected light from an original by a discharge of an electric charge held beforehand due to the reflected light 

from the original; 

a color filter in which a display field for transmitting a light of each predetermined color and a illumination field 
for transmitting a light of all colors are formed corresponding to each pixel; and 

a plurality of back light sources including light sources for emitting a light of a different color from each other 
and a light of a white color when they are lit simultaneously; 
said method comprising the steps of: 

displaying a color picture with an additive process of a light which is transmitted through the display field of 
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each color in said color filter by lighting all of said back light sources as well as making the liquid crystal corre- 
sponding to the illumination field in said color filter a shielding state and meanwhile making the liquid crystal 
corresponding to the display field a transmission state according to a picture signal; and 
reading the color picture by lighting each of said back light sources selectively in sequence and irradiating a 
light of each color to the original through the illumination field in said color filter and detecting the quantity of 
the reflected light of each color from the original as well as making the liquid crystal corresponding to the dis- 
play field in said color filter a shielding state as regards all pixels and meanwhile holding an electric charge at 
said photo detector at each single pixel or each set of pixels which are not adjacent to each other and making 
the liquid crystal corresponding to the illumination field a transmission state. 
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